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This manual presents advanced RPG Il programming topics
for application programmers and students, who must code
programs for IBM System/3:

® Model 6
® Model 8
® Model 10 (Card System)
'® Model 10
® Model 12
° Mode|‘15

The System/3 Model 8 is supported by System/3 Model 10
control programming and program products. The facilities
described in this publication for the Model 10 are also appli-
cable to the Model 8, although the Model 8 is not referred
to. Note that not all devices and features that are available
on the Model 10, are available on the Model 8. Therefore,
Model 8 users should be familiar with the contents of the
1BM System/3 Model 8 Introduction, GC21-5144.

PREREQUISITES !

This manual assumes that you have coded and tested some
basic RPG |l programs that include listing records on a
printer, simple calculations, group totals, and the use of
more than one record type. You may have gained this
experience through IBM education courses, programmed
instruction courses, or previous data processing experience.
Introduction to RPG /1, GC21-7514, contains some of

this basic information.
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Preface

ORGANIZATION OF THE MANUAL

This publication has eleven chapters. Chapters 1-6 cover
information that is basic to most data processing jobs:
RPG N program logic, detailed information about writing
input, output, and calculation specifications and the con-
cepts and specifications involved in multifile processing.
Additional programming topics that you may require for
your job are presented in Chapters 7-11: controlling input
and output during calculation time, tables, arrays, data
structure, and the DEBUG operation.

RELATED PUBLICATIONS

There are numerous IBM System/3 publications containing
further information on RPG Il. The following are the re-
lated reference manuals: -

® /BM System /3 Card System RPG [/ Reference Manual,
SC21-7500

® /BM System/3 RPG 1! Reference Manual, SC21-7504
(Model 10, Model 12 and Model 15)

® /BM System/3 Model 6 RPG Il Reference Manual,
SC21-7517

If you are programming on a disk system, it would be help-
ful if you would understand the disk concepts and disk file
processing information in the following books before read-
ing this book: '

® /BM System/3 Disk Concepts and Planning Guide,
GC21-7571

® /BM System/3 RPG |l Disk File Processing Programmer’s
Guide, GC21-7566






This publication is a programmer’s guide; it is not intended
to serve the same purpose as a reference manual of language
specifications and does not replace a reference manual.
RPG |l programming topics are approached and organized
according to their normal use in a data processing job, using
examples whenever possible. Unlike a reference manual,
individual chapters are self-contained units of information,
intended to be read from beginning to end. However, if you
desire information about a specific topic, you may go
directly to that topic by using the index or the table of
contents. If an individual chapter has a special prerequisite
topic, that topic is clearly identified on the title page of

the chapter. :

Although the chapters are complete units, there is a logical
progression of topics through chapters 1-8. Therefore, you
may wish to read them consecutively. If you have read the
RPG Il Programming Fundamentals Programmed Instruc-
tion course, you do not need to read chapters 1-6 consecu-
tively.

How To Use The Manual

For ease of illustration, many of the examples in this book
use card-like figures to represent records. This does not
imply that a card device must be used for input or output
in these situations. Any of several input/output devices
might be used, depending on which System/3 model and
configuration you are using.

Review Questions

Review questions and answers are provided at the end of
each chapter. Where chapters contain several related topics,
these questions are grouped by subtopic. If you wish, you
may turn to the end of the chapter after you complete each
subtopic, to answer the review questions and reinforce what

_you have learned, before continuing the chapter.
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 Chapter 1. RPG Il Logic

- CHAPTER 1 DESCRIBES:
Basic RPG Il logic.

RPG 11 logic related to indicators.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Basic three-step logic of a data processing job.
Detail time and total time.
- Specific steps in a basic RPG |l job that includes detail and total operations.

- RPG Il logic related to the following indicators: 1P, LR, record identifying
indicators, field indicators, resulting indicators, halt indicators (H1-H9), overflow
indicators (OA-OG, OV), matching records indicator (MR).

Note: You can use the review questions contained in Review 7 at the end of this

chapter to test your comprehension of the chapter. Answers follow the review
questions.

RPG 11 Logic

1-1



INTRODUCTION

What procedures do you follow if you are preparing bills to
send to customers? Before you can do anything you need
some information. You have to know three things: (1)
the customer’s balance at the beginning of the month; (2)
his purchases; and (3) his payments. Once you have
gathered this information, you can perform the necessary
calculations to find the amount due. Finally you record
this amount on the bill. You go through these same pro-
cedures for each customer.

This is a type of job you can easily have your computer do
for you. To do the job, however, the computer must know
the same things you know. You must, therefore, tell it
exactly what information to expect, what to do with the
information, and what to give you as a result. This you do
through specifications you write: File Description; Exten-
sion; Line Counter; Input; Calculation; and Output-Format.

To do this billing job, you do things in a logical order. You
read information first. You do calculations second. Finally,

as a result of the calcuiations, you record the amount owed. .

Then you begin to do the same things ‘n the same order for
the next customer.

The computer must also do things in a logical order. The
information you supply through specifications doesn’t give
the computer the logic it needs to do your job; the RPG ||
Compiler supplies this. RPG 11 logic supplied by the com-
piler is the framework for your job. When your source pro-
gram is compiled, your source statements are fitted into the
framework of RPG 1l program logic to make a complete
program. The generated program then has all the informa-
tion it needs to do your job in a logical manner.

What happens if, in doing your billing job, you find that a
customer-paid more than he owed? You know immediately
that he has a credit balance and indicate so on the invoice.
How does the RPG Il program recognize this situation?
And how does it know what to do when such a situation
occurs?

The RPG Il program uses signals which tell it when a partic-

ular situation occurs and what to do when that situation
does occur. These signais are known as indicators. There
are many different kinds of indicators which signal many
different situations. You, as a programmer, must know how
to specify the indicators so that they signal to the computer
what you want them to.

RPG Il logic is built around these indicators. Their status
{on or off) affects the sequence of the program’s operations.
The logic is set up to test the status of various indicators at
specific times. By testing indicators, the program knows
what to do next.

RPG i program logic is designed to take care of all types of
jobs. You must understand this logic to write specifications
which make correct use of it.

Because the logic is a rather complex topic, it is described
segment by segment. However, when you have finished
reading this section, you will have a picture of how the:
complete RPG || program logic works. -

BASIC DATA PROCESSING LVOV(HEIC

Usually, all records in a file of input records are not read at
once. Your computer probably is not large enough to store
and work with information from all records at the same
time. Therefore, records are read one at a time. Three
steps, as shown in Figure 1-1, are done for each record read.

The phrase program cycle refers to all the operations per-
formed from the time one record is read until the next rec-
ord is read.. One program cycle is therefore one revolution
around the circle used to illustrate the program logic. Since
one program cycle (one revolution) is needed for each rec-
ord read, many program cycles are required for every job.

Consider how the three step logic shown in Figure 1-1 works
for a job which requires a detailed listing of purchases made
by each customer. The input file is in ascending order by
customer number. Each record contains customer name
{NAME), number {(NUM)}, and charge (CHRG). Information
from the record is merely transferred to the printed page.
One line is printed for each record read. Each record read

is known as a detail record and each line printed is a detail
line.

The job begins: the first record is read. No calculations are
performed. A record is then printed. This ends the first pro-
gram cycle. The second begins with the reading of another
record. Figure 1-2 shows the input and output of the detail
printing job. '

Suppose, however, instead of merely Iisﬁng the charges
made by each customer you also wish to find the total
charges for each customer, as shown in Figure 1-3.



Write or punch
results

1796 JOHN BART 2493

/ 1762 BILL BELL 13142
/ 1645 JOE AARON 643
1645 JOE AARON 742
Input file

1645 JOE AARON 7.42
1645 JOE AARON 6.43
1762 BILL BELL 131.42
1796 JOHN BART

Figure 1-2. Detail Printing Job

- 24.93

Printed repori )

Read a record

°
e
.
Perform calculations
°
1645 JOE AARON 7.42
1645 JOE AARON 6.43
13.85*
1762 BILL BELL 131.42
131.42*
1796 JOHN BART 2493
1796 JOHN BART 2.98

Figure 1-3. Calculating and Printing Totals -
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To do this, you must do calculations to accumuiate a total
in addition to printing out individual {(detail) records. But
when do you print out the total you have calculated? The
total for a customer, of course, should be printed after all
detail records for that customer have been printed (Figure
1-3). However, in the three-step logic discussed so far, there
is no provision for printing a total record. Neither is there

a way to distinguish between individual input records in
order to determine when all records for a customer have
been read.

If the RPG I program used only the three-step logic, it
would not be able to do this job and many others like it.
It could adequately work with information from only one
record at a time, as in the detail printing job. It could not
correctly do operations to accumulate data from several
records.

]
Perform detail
output operations

time
Perform detail

calculations

Perform total
output operations

Figure 1-4. Basic RPG 11 Logic _

14

Detail

Total
time

BASIC RPG Il LOGIC

RPG I1 logic, therefore, is an extended version of this 3—steb-
logic. It calls for calculations and output operations to be
done at two different times in one program cycle (see Fig-
ure 1-4). The names detail and tota/ have been given to the
times at which calculation and output operations are per-
formed. Total time, as the name suggests, is the time in
which total operations are done on data accumulated from
a group of related records. 1:[1e printing of total charges for
Joe Aaron (Figure 1-3) is an example of a total time opera-
tion. Detail time is the time in which operations are per-
formed for individual records.. An example of a detail time
operation is the printing of an individual charge for Joe
Aaron. Remember, detail operations are done for every
record read, but total operations are done only after a cer-
tain group of records are read (see Figure 1-5).

Read a record

Perform total
calculations



Page of GC21-7567-2
Issued 24 May 1976
By TNL: GN21-5389

Done for
every record

Detail opef“ﬁi":”/_/ 1713 LEE ARMSTRONG 379

1713 LEE ARMSTRONG 571

1713 L'EE ARMSTRONG 475

1645 JOE AARON 643

1713 LEE ARMSTRONG 298 .

GROUP 2

Total Operations:

Customer nuM 1645 JOE AARON 742
field (NUM) /

a—

Figure 1-5. Detail Versus Total Operations

Because this basic RPG |1 logic is only a framework for your
job, you have to supply additional information so that your
job will be complete. Only then will your program work
correctly. For example, the RPG Il compiler supplies your
program with the logic framework which enables it to do
detail and total operations. But you must tell it when total
operations should be done and which calculation and output
operations are to be done at detail time and which are to be
done at total time.

Remember that the only way you can tell the program
what to do in certain situations is to use indicators. Con-
trol level indicators are used to tell the program:

1.  When to do total operations.

2.  What operations are total operations.

If you were finding total monthly charges for each cus-

tomer, how would you know when to record totals for
each customer? When you encounter a record with a dif-

Done only after
all records in

one group have
been processed.

/GROUP 1

ferent customer number in the NUM field, you know that
you have gathered all the information for one customer.
(You could use the NAME field to tell you this, but there
is a chance that two customers may have the same name.)
You would then record that total before gathering infor-
mation for the next customer.

Any field used to control and direct processing is known

as a control field. You indicate to the compiler program
which field is a control field by assigning one of the control
level indicators (L1-L9) to the field in columns 59-60 of
the Input sheet. You also use this same control level indi-
cator to tell the program which calculations are total calcu-
lations by entering the indicator in columns 7-8 of the
Calculation sheet. Those calculations that are not con-
ditioned by a control level indicator (in columns 7-8) are
detail calculations. Control level indicators are not used

in the Qutput-Format sheet to indicate detail and total
records. Rather a T is used in column 15 to indicate a
total output operation; and H or D is used to indicate

an operation done at detail time. -
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Specific Steps in Basic RPG Il Logic

Figure 1-4 shows very generally the sequence of events in an
RPG Il program cycle. The RPG Il logic actually consists
of definite steps taken during the cycle. When you do a job
you mentally ask yourself questions such as, “’Do | do this
now? Do | have all my information? What should | do
next?’’ RPG Il logic also asks questions. It uses your pro-
gram to find the answer and thus determines what to do
next. The questions, and specific steps taken based on the
answers to the questions, are shown in Figure 1-6. '

- According to RPG Il logic, after a record is read the program

checks to see if information in the control field of the record
just selected is different from the control field information
in the previous record. (The program always saves the con-
trol field information so that it can make a comparison.) If
there is a change, the proper control level indicator (the one
you assigned) is turned on. This means that all records

from one group have been read. All total operations can
then be performed. Control level indicators are always
turned off before the next record is read.

PY [
o
o
[
Turn off control Read a record
level indicators
L1-L9.
. .
~
~
~
~
~
~ °
Perform detail N
output operations ~
(those identified ™~
by D or H) Detail\ g
time y; ¢ \\ o
\
y; 7/ Total
0/ time \ .
> 7/ \ °
Perform detail y; / \ :
calculations (those ] N Change in control field?
with blanks in / \ If yes, turn on control
columns 7-8) Va / N\ level indicatiors °
i Move data from / \ N

record read at
_ beginning of cycle
7 into processing
d area

Perform total output
® operations (those
identified by a T)

Figure 1-6. Steps in RPG I Total and Detail-Time Logic

Perform total
calculations (those ‘ \
conditioned by LO-L9
~or LR in columns 7-8
of Calculation sheet)

\
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Notice the step between total and detail time. Here data
from the record read at the beginning of the cycle is moved
into a processing area and becomes available to use in cal-
culations and output. Data from this record is not available
at total time. Total operations are performed only on data
accumulated from previous records. Detail operations on
the record which caused the control level indicator to be
turned on are done only after total operations for previous
records.

Why are total operations done before detail operations?
Think of what would happen if the record which caused

the control level indicators to be turned on were processed.
Information on this record would be added to informat.i‘on
from records in the previous group. As a result, the totals
printed would be in error since they contained information
from one record in the next group (the record just read).

To prevent data from the first record in a new control gropp
from being accumulated.in the totals for the previous
group, total operations are done before detail operations.

First Program Cycle

When control fields are specified for a record, the first pro-
gram cycle may be slightly different from the others.

Control level indicators are turned on by the first record
containing control fields. This happens because contents
of the control fields on this record are different from the
blank control field areas that were in main storage before
the record was read. To prevent printing of blank totals on
the first cycle, RPG |1 logic causes total operations to be
bypassed on the first cycle.

Note: If the initial input records do not contain a control
field, total calculations and total output operations are
bypassed on each program cycle through and including the
first cycle in which a record with control fields is read.

Summary of Basic RPG Il Logic

Figure 1-7 shows specifications for the group printing job .
previously discussed and the logic for the first four pro-
gram cycles.. Follow the logic involved in each program
cycle step by step. Remember, the cycle repeats itself from
the time the program is started until the last record is
processed. :

Be sure you understand this basic logic before proceeding

further. .

RPG 11 LOGIC RELATED TO INDICATORS

It was previously stated that RPG 1l logic is built around
indicators. This section discusses how logic related to in-
dicators fits into the basic RPG |1 detail and total time
logic shown in Figure 1-4.

In your specifications, you use indicators to tell the pro-
gram what to do and when to do it. Although you use in-
dicators, you do not set them. Naturally the indicators
don’t turn on and off by themselves. The compiler supplies
logic which is needed to control the setting of indicators.

Indicators are set to signal various conditions that occur

- during the execution of a program. [n addition to setting

indicators, RPG Il logic also causes tests to be made for
various indicators at certain times in the program cycle.
Specific operations are performed as a result of these tests.

It is very easy to think that an indicator is on when it really
is off or vice versa. It is extremely important that you know
when indicators are on and when they are off in the pro-
gram cycle. Many programs fail just because the program-
mer did not understand RPG Il logic concerning indicators.

" - The following paragraphs will discuss the time in the pro-

gram cycle at which indicators are set and the time at

which they are tested.
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Figure 1-7 (Part 1 of 5). Illlustration of Detail and Total Time
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Figure 1-7 (Part 2 of 5). Illustration of Detail and Total Time

RPG Il Logic

19



1645 JOE AARON 7.42
JOE AARON

Perform detail output:
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Second .
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1645 JOE AARON 7.42
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1762 BILL BELL 13.42
°
°

Turn off
Control level
indicator L1

1762 BILL BELL 1342

Read a .
record
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Perform detail output:
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Add CHG to TOTAL
00000
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o
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° processing area
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Figure 1-7 (Part 4 of 5). Illustration of Detail and Total Time

Change in control field?
Yes, turn on control level
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[ ]
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°
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Print the record
)
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{1 00000 [ ]
2493 ) ,
02493 o Change in control field?
Yes, turn on control
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o
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Figure 1-7 (Part 5 of 5). lllustration of Detail and Total Time
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1P (First Page) Indicators

It was stated before that the first program cycle is slightly
different from the others because total operations are by-
passed on the first cycle. Another difference in the first
cycle is that the first page indicator (1P) is on during the
beginning of the cycle. Any records conditioned by the 1P
indicator are printed before the first record is read.

This indicator is used to condition records which are to be
printed on the first page of a report. These records are
usually headings used to identify information found on the
page, but may also be detail lines.

® Tyrnoff control
level indicators L1—L.9
and 1P

®
Perform heading and detail
output for which conditions

have been met, including 1P
output {first cycle only)

The 1P indicator is turned on only for the beginning of the
first cycle. It is turned off before a record is read and is
never used again during the program (see Figure 1-8).

Notice in Figure 1-8 that the program performs 1P output
and other heading and detail output first when it is started.
This is always true. In any program, 1P output and any
other heading or detail output for which specified condi-
tions have been met is performed before the first record is
read.” On succeeding cycles, however, it is usually easier to
think of reading a record as the first step in the cycle.

Read a
_record

[ J
START
(1P is on) ®
(]
Perform detail Change in control field? ‘
calculations If yes, turn on control @
level indicators
Move data into
@ processing area
[ J
Bypass total
[ operations

Figure 1-8. Logic for the First Page (1P) Indicator
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Assume that a heading is desired on the report created by

| the previous example (Figure 1-7). The heading should be
printed on the first page before any records are printed.
Thus the heading line is conditioned by 1P (see Figure 1-9).
Figure 1-10 shows what happens in the first cycle according
to RPG Il logic. ' ' :
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Figure 1-9. Heading Line Conditioned by the First Page Indicator
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Figure 1-10. Program Cycle llustrating the 1P Indicator
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Last Record Indicator (LR)

The last program cycle is also a little different from the
others. When the record with a /* in positions 1 and 2 is
read, the LR (last record) indicator is turned on. Since the
/¥ record has no data on it, detail operations need not be
performed. Thus RPG Il logic is set up so that detail
operations are not done when LR is on (see Note). Total
operations are done. The program then ends.

When the last record indicator is turned on, all control level

indicators are also turned on. Thus all total operations con-

ditioned by L1-L9 and LR are performed. See Figure 1-11
for specific steps in the end of job logic.

[ J
[ J
[
[}
[ ]
HALT
[ J
[ Perform total
output operations

Figure 1-11. Logic for the Last Record (LR) Irflicator

You use LR to condition all operations done at the end of
the job. These usually include the calculating of totals for
all records and/or writing or punching summary informa-
tion. Suppose the previous example (Figure 1-7), which
found total charges for each customer, required the state-
ment List Complete as of, {date job was run).
Since this is to print out after all records have been
processed, it is conditioned by LR (see Figure 1-12).
Figure 1-13 shows what happens during the last program
cycle according to RPG |l logic.

Note: Detail operations are done if LR has been turned on
during calculations, rather than by reading a /* record.
However, when LR is turned on in calculations, the other
control level indicators are not turned on.

o
[}
Read a
record
Was the record
just read an end
of file { | *) record?
[
o
o
If so turn
on all control
level indicators
and LR e
Perform
total
calculations



RPG  OUTPUT SPECIFICATIONS | gxavom umosr

1) | (T —

g 12 75 76 77 78 79 80
i d Electro Numbe
Program Punching Graphic Card Electro Number page m of Program
Programmer Date Instruction Punch ' —_— i
O _{Efspace|  skip Output Indicators Commas | 2670 Batances [y g0 fep [0 Tx = Remove
uls . to Print Plus Sign
E & Field Name Yes Yes ) A |3 |Y = Date
. =], Yes No 2 8 K Field Edit
Line Filename HEIEE] A R End No Yes 3 c |L |Z= zero
SEER nd nd x| Positon No No 4 |o|m Suppress
- ~la ® 19| in
> 4 o ol x
< Alo[o] 2| £ |5 ] 3 S{g| Ooutpur |3 Constant or Edit Word
5 o[R @<= z z *AUTO Z12| Recora @
w w |0 S
AN
3 4 s}]el7 8 9 101112 13}14/15)16]17]18]19 20)21 22]23)24)25]26 }27)28)29)30 {31 3233343536373539404!4243444546474849505!5223_34_55565’58596061526]546566616869707' 72 73 74
of1| |o
ol|7] |o ;
;
ols| Jo sl [Mpel’ EENNE
IR
ol lo T Y P
PR
10 ‘Al ’
° : 3 ST COMPLETE! AS_OF
1|11 {0 Pt
TE| Y MR
12} |0 L [
vl i
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Rgcord Identifying Indicators (01-99), S R . After the program has selected the next record to process,
' : : it turns on the record identifying indicator which you as-

You aséign a record identifying indicator to each type of signed to that record type. This indicator is turned off only
record in the input file. If certain 'operation§ are to be per- at the end of each program cycle; thus it is on during both
formed for one record type only, you:mayvcondition those * detail and total operations. Detail and total operations con-
operations by the appropriéte record identifying indicator. ditioned by the record identifying indicator, currently on,
By this method you can tell the RPG 1l program what oper- will then be performed.

ations to perform when it:processes a specific record type.
S ‘ ‘ " Figure 1-14 shows specific steps in the RPG |1 logic related

to record identifying indicators.

f
i

[ ]
° [ J
: [ J
[ .
[ J
. L Read a
. Turn off : ‘ record
; control level indicators '
P and record identifying:
indicators '
Turn on record
identifying indicator
Perform detail ) ) : identifying the
3 ou tput . : R : : record selected
’ ) ) ’ for processing
o
[ ]
. , ; Change in control field?
Pelrfoer detail . ‘ } If yes, turn on control
| calculations : ‘ : _ level indicators o
° >
. Move data )
~ into processing
area .
[ J
) Perform total
. ) calculations
o. Perform total
output
®
! ®
I
~ Figure 1-14. Logic for Record Identifying Indicators
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“Consider the use of record identifying indicators in a billing The three record types are defined on the input sheet. Each

job. A monthly file is kept which contains records of pur- type is given a different record identifying indicator. The
chases and payments made by each customer. In addition, record identifying indicators are then used to indicate which
the file contains a balance forward record for each cus- operations are to be performed for each record type. Fig-
tomer. Figure 1-15 shows the three input record types used ure 1-16 shows the input, calculation, and output-format

and output records required. , specifications for the job. Use these'specifications to help
: ' you follow, step by step, the operations performed in the :
program cycles shown in Figure 1-17.

NUM PAYMNT h@—— Payment )
Record (Number) {Name) {Balance)
Control NUM - PURCHS e PRU“::::Q
Field ec
) (Purchases)
NUM NAME BALFOR [ Balance "
| S Forward "
Record -(Payments)
”n
A "
(Balance)*
’ B‘——-\ '
Record ldentifying
Code :

Figura 1-15. Input and Output for Billing Job
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Field Indicators (01-99)

Field indicators are used to test a field on an input record
“for a plus, minus, zero or blank value. Any operations
that are to be performed ohly when a numeric field is plus,
minus, or zero or when an alphameric field is blank may
be conditioned by the appropriate field indicator.

Note: A numeric field that is all blanks will turn on an
indicator specified for all zeros. However, if an alphameric
field is all zeros, the field will not turn on an indicator
specified for all blanks.

Field indicators are turned on or off after data from the
record to be processed has been moved into the processing
area. Figure 1-18 shows the RPG Il logic related to field
indicators.

[
o
o
Turn off
control level
° ‘and record identifying
indicators
Perform detail
output
Perform detail
calculations
®

Move data
into processing

° area. Turn’
field indicators
on or off )

[ ) Perform total
output
o

Figure 1-18. Logic for Field Indicators

For each program cycle, field indicators are set to reflect
the result of the test on a field. If the condition tested for
is satisfied, they are turned on; if the condition is not satis-
fied, they are turned off. A field indicator that is set as
the result of a test retains its setting until another test is . .
made using the same indicator.

When the indicator is on, any detail and total operations
conditioned by the field indicator may be performed before
testing of a field again resets the indicator. Remember that
at total time, however, the field indicator will have the set-
ting established in the previous cycle.

Turn on record @
identifying
indicator

Change in
control field?
If yes, turn on
control level
indicators

Perform total
calculations

0
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Consider the use of field indicators in the billing job pre- Each time a record with a B in position 96 is read, DISCRT

viously described. The same record typés are used as in the must be tested. Only when it contains a positive value
previous job. The only difference is the additional field, ° should discdunt be calculated. Figure 1-19 shows the input,
discount {(DISCRT), in columns 39-40 on the balance for- calculation, and output-format specifications for this job.

ward record. o
Use these specifications to help you follow, step by step,

All employees receive a discount on everything they buy. the logic for each program cycle shown in Figure 1-20.
The rate of discount they receive is recorded in the DISCRT

field. All accounts other than employee accounts have a

zero in the discount field since they receive no discount.
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Resulting Indicators (01-99)

Resulting indicators are assigned to signal something about
the result of a calculation operation. Any operation which
is dependent upon the result of the calculation can then be
conditioned by a resulting indicator.

Resultihg indicators may be turned on or off at either de-
tail or total calculation time. An indicator which is set as a
result of the calculation operation retains this setting until
the next time a calculation is done for which the same in-
dicator is a resulting indicator and the condition is not
satisfied. Figure 1-21 shows the RPG I logic related to re-
sulting indicators. ’

o
) .
[ J
[ J
Turn off
control level
and record identifying
L indicators
Perform detail
output
operations
& Perform detail
calculations.
Turn Calculation
resulting indicators
on or off
®
Move data
into processing
area. Turn
- ® field indicators
on or off
® Perform total
output

I
S

Figure 1-21. Logic fdr‘Resulting Indicators

.

A resulting indicator may change status in the same cycle.
This happens when one indicator is assigned to signal the
result of both a total and detail calculation. The total cal-
culation could turn it off and the detail calculation could
turn it on, or vice versa. The indicator will not, howaver,
be reset to show that a field is blank or zero after being
blanked out by the Blank After function (B in column 39

+ of the Output-Format sheet).

The use of resulting indicators is demonstrated by an inven-
tory job which determines whether an item needs to be re-
ordered. After inventory has been taken, the quantity on
hand is recorded for each item. If the quantity on hand is
100 or less, reorder should be immediate. If the quantity

Read a
record

Turn on record
identifying [}
indicator

Change in
control field?
If yes, turn on
control level
indicators

Perform total
calculations.

Turn Calculation
resulting indicators
on or off
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is over 100, the item need not be reordered at this time. A
list of all items’is printed.” All items to be reordered are in-
dicated with a double asterisk. Figure 1-22 shows the
specifications for the job. Use these specifications to help
you follow the program cycles shown in Figure 1-23.
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Figure 1-22. Inventory Job Specifications Using Resulting Indicators
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Figure 1-23 (Part 2 of 2). Program Cycles lllustrafing Use of Resulting Indicators
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Halt Indicators (H1-H9)

Halt indicators are used to stop the program when a speci-
fied condition is satisfied.. Halt indicators may be used as
record identifying, field, or resulting indicators. When halt
indicators are used as record identifying indicators, a halt
will be caused by a specific type of record; when used as
field indicators, a halt will be caused by erroneous input
data; when used as resulting indicators, a halt will be caused
by erroneous results from calculations.

HALT '

Perform detail
output

Perform detail
calculation.
Turn halt indicators-
used as resulting
indicators on or off
[
Move data from record
selected into
processing area.
®  Turn halt indicators
" used as field
‘indicators on or off
‘® .

Figure 1-24. Logic for Halt Indicators

turned on or off

A halt indicator may be turned on at one of four different

times (see Figure 1-24). Its use, of course, will determine
when it is turned on. The program does not halt immedi-

ately when a halt indicator is turned on. All total and detail
operations remaining in the cycle are performed first; then
the program halts. This means that processing will still be _
completed on information from the record that caused the

error condition.

Read a

. record

If total calculations were
done, halt indicators
used as resulting
indicators would be

Turn on halt
indicators when
used as record
identifying indicators
[
®
Change in

control field?
No, there is no
control field @
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After a halt you may continue processing by pressing NUM field is sometimes inadvertently omitted from the
START on the processing unit. Halt indicators are al.ways ‘ record. Any record with a blank NUM field should be
turned off before another program cycle begins. C corrected. Therefore, you must have some way of telling
: : | the compuiter to halt if the NUM field is blank. The indi-
Suppose a halt indicator were used in the billing job pre- cator H1'in columns 69-70 (see Figure 1-25) will do this.
viously described in the discussion of field indicators. The S cel SR o
halt indicator is used as a field indicator to check for an
erro in the input record. When recording information for

a customer who makes many purchases and payments, the
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Figure 1-26 shows the three program cycles. In the first
cycle there is no error. In the second, a halt occurs because
of a blank number field. The third begins with another
record being read.

JOE AARON 47.68

o
Turn off
control level indicator L1
and record identifying
indicator 10

1645 JOE AARON 4768

Perform detail
output

Perform detail
calculations
[

Move data into
processing area
[ J

Bypass total operations /A
° ° /

Figure 1-26 (Part 1 of 3). Program Cycles lliustrating Use of Halt indicators
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/ 1645 JOE AARON 643
JOE AARON 742

Turn on record

identifying ®
indicator 10
o
'
Change in

control field?
Yes, turnon g
control level
indicator L1




The second cycle shows that operations are performed on since detail operations are performed before the halt occurs.

the record that contains the blank NUM field. The record in order to prevent processing data which could be in error,
| containing an amount of 742 has a blank account number you must write specifications which will bypass operations

field. Thus it is not known whether this record really be- when an error occurs. This will be discussed later in the

longs to Joe Aaron. But Joe is charged 742, regardless, chapter titled Controlling Operations in an RPG [l Program.

/1645 JOE AARON 643

1645 JOE AARON  47.68

® [}
(]
@
®  Turn off record JOE AARON 742
identifying
RESTART indicator 20 record
turn off H1
e '\
HALT
)
[}
Turn on record
Perform detail identifying
output indicator 20 /
r
Second
cycle : ' o
Perform detail ) @
calculations:
4768
742 . Change in control field?
5510 e No °
. ® .

Move data into
P processing area.

Turn H1 on

(Blanks in NUM)

D

Figure 1-26 (Part 2 of 3). Program Cycles lllustrating Use of Halt Indicators

RPG Il Logic 1-39



/645 "~ JOE AARON 643

[
® [ ]
® 1645 JOE AARON '
Turn off record 643 Read a
identifying record
indicator 20
o .
Turn on
~ record identi- @
Perform detail fying indicator
output 20
©
Perform detail °
calculations: .
5510 (BALFOR) ‘
—-——643 (PURCHS) Change in control field?
6153 (BALFOR) No .
[}

Move data into
processing area

Figure 1-26 (Part 3 of 3). Program Cycles lllustrating Use of Halt Indicators
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Overflow Indicator (OA-OG, OV) ’ Figure 1-27 shows RPG Il logic related to overflow indica-
tors. A more detailed discussion of the purpose and use of

Overflow indicators are used to signal when the end of a overflow indicators can be found in the chapter titled Con-

> printed page has been reached. They are assigned to the trolling Printer Output. '

printer file’and turn on when the overflow line is printed.

This could be either at detail or total output time. Those

lines which you wish to print at the end of one page or at

the beginning of another are conditioned by the overflow

indicator.

®
° ®
®
@ Turn off control
level, record
identifying, and
® halt indicators Read a
Halt if record
halt indicator
° is on
Set off overflow
indicators if
performed during
this cycle
; Turn on record
Perform detail iden:\tifying L
output. Lo indicator
N If overflow
) occurs, turn on
overflow indicator
[
Perform detail
calculations.
Turn calculation
resulting indicators
on or off °
Move data into Change in control field?
processing area. If yes, turn on appro-
Turn field priate control level
indicators indicators
@ on or off '
Is overflow indicator
on? If so, perform
output operations
@ conditioned by
overflow indicator . Perform total Perform total
“output.” If calculations
PY overflow occurs
’ turn on the
° overflow indicator
®

Figure 1-27. Logic for Overflow Indicators
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Matching Records Indicator (MR)

Thus far, you have been concerned with only one input file,
According to RPG 11 logic discussed so far, a record is read
from the input file, then processed. Another is read and
processed and so on. Suppose you have more than one in-
put file; from which file is a record read? '

RPG Il logic has been designed so that your program can
select the next record for processing. Figure 1-28 shows
general steps in the logic (multifile logic) required when
more than one input file is used.

[
Turn off
® control level,
. record identi-
fying, and halt

o Haltif indicators

halt
indicator
ison

Perform detail
output.

Perform detail
calculations.
Turn calculation
resulting indicators
on or off
[
Move data into
processing area. Turn -
field indicators on or off
o
Turn MR
on or off
L4 Perform total

output
®

Figure 1-28. Simplified Matching Record Logic
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The matching record indicator (MR) is used only when you
are processing more than one input file. It indicates when
fields on records from different files match. MR is set only
after total operations are performed. Thus, at detail time, .
MR always signals the matching status of the record just
selected for processing; at total time, it reflects the matching
status of the previous record. '

Specific steps in the multi-file logic are described in the
chapter titled Match Fields and Multifile Processing. At
this time, it is sufficient to know at what point in the pro-
gram cycle records are selected for processing and at what
point MR is turned on.

Multi-file logic: logic
used to select the
record to process
when more than one
input file is used.

Read a
record

Are end-of-file
conditions met?

Are multiple input
files being used?
If so, determine
the next record

to process

Turn on [ J
recording identifying
indicators

Change in control field?
If yes, turn on control
~ level indicators @

Perform total

calculations. Turn

calculation resulting
_indicators on or off
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Setting Indicators

You have just seen the normal setting of indicators accord-
ing to RPG |l logic. You, in your program, can alter this
setting by turning any indicator (except 1P) on or off
through use of the operation codes SETON and SETOF
(see Figure 1-29). An indicator may be set during either
detail or total time. It will be set at the time the SETON
or SETOF code is executed and will retain the setting you

_give it until it is reset according to the program logic.

(Refer to the logic for the various indicators, earlier in this .

section, to determine when they are set on and off in the
logic cycle.)

Indicators of various types may be used anywhere in the
program. For example, you can use LR as a record identi-
fying indicator, L1-L9 as resulting indicators, or L1-L9 as
record identifying indicators. {f you need to set indicators
yourself, you should be thoroughly familiar with RPG 11
program logic so that you will use the indicators correctly
in your program.

Figure 1-29. Setting Indicators

Form GX21-9093
RPG CALCULATION SPECIFICATIONS Form Gx21008
IBM Business Machine Cq : - 12 25 76 77 78 79 80
Program Punching Graphic Card Electro Number . mM Program
N age o
Programmer ' Date Instruction [ _
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RPG Il Logic
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Review'1

Arrange the following steps in the order they occur in the RPG |1 logic cycle start-

ing with Read a record.

a. Read a record

b. Total output

¢. Move data from input area to processing area o : -
d. Detail calculations ‘

e. Detail output

f. Total calculations

In the RPG 11 cycle, total calculations and total output are for data from:
a. the record just read

b. records read in previous RPG |l cycles

When is the 1P indicator on? When is it turned off?

Which steps are bypassed during the first program cycle?

When the LR indicator comes on, the last program cycle ends after—__ ____;
therefore —___operations are not performed when LR is on {/* record read).

When are record identifying indicators turned on? When are they turned off?

When are field indicators (the indicators which test the contents of an input field)
turned on or off?

Halt indicators may be turned on at various times depending on how they are used.
If a halt indicator is turned on, when does the computer stop?-

Calculation resulting indicators are turned on during total or detail calculations.
When are they turned off?

Review 1 1-45



Answers To Review 1
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afb,cde.
b

1P is on at the beginning of the first program cycle only. It is turned off before
the first record is read. '

total calculations and total output
total output, detail

Record identifying indicators are turned on right after a record has been read and
identified. They are turned off at the end of each RPG Il cycle.

_Field indicators are set just after data is moved from the input area to the proces-

sing area.
The computer halts after detail output.

Resulting indicators remain on until reset by another calculation.



Chapter 2. Describing and Using Input

CHAPTER 2 DESCRIBES:
Specifying and using control fields and split control fields.
Checking the sequence of record types.
Describing input record types using the OR relationship.
OR records with field record relation.
Field record relation with control fields.

Conditioning use of input files.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Function and coding of input fields on the Input sheet.
Function of RPG I1 indicators. ,

RPG Il object program cycle {Chapter 1).

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Function and RPG |l coding for control fields and split control fields.
How to handle typical record type sequence checking situations.
Function and RPG Il coding for field record relation.
Uses for conditioning input files.
Setting external indicators.
Note: You can use the review questions contained in Review 2 at the end of this chapter

to test your comprehension of the topics in the chapter. Answers follow the review
questions.
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INTRODUCTION

For every RPG 1l program, you must describe the input
information you are processing. This includes describing
input files, record types within each file, and fields within
each record type. Input files are described on the File
Description sheet; record types and fields within each input
file are describéd on the Input sheet.

1

1
From previous instruction, reading, and experience, you
should already know how to describe and use input files,
record types, and fields. You should also know how to use
RPG Il indicators to condition operations. This chabter
describes additional ways to use input with control level
indicators, field record relation indicators, and external
indicators.

CONTROL FIELDS

A basic type of report in any data processing installation is
a detail list that consists of one line of printing for each
record read, such as a transaction listing. Figure 2-1 shows
what a detail report would look like.

Because product classes are repeated for each line, the
report is cluttered and hard to read. The same report (Fig-
ure 2-2) grouped by class is much easier to read. Here, all
items from one class are listed together with headings used
on each page to identify the information. Since all items
on one page apply to the same class, the class is printed
only once. Such a report is sometimes referred to as a
group-indicated report. Group-indication is the printing of
control information on one line per group. The date is
printed at the bottom.

2-2

A control field is any field used to indicate when a certain
type of processing should be done. Since the CLASS field
(Figure 2-3) controls processing, it must be specified as

the control field. Each time a record is read, this control
field is checked for a change in contents (control break).
When a control break occurs, a different type of processing
or additional processing is to occur. In this case, a change
in the CLASS field indicates:

1. Skip to the bottom of the page.
2. Print the date.
3. Skip to a new page.

4. Print heading.

CLASS ITEMNO = DESCRIPTION ON HAND
00124 7657352 SWEATER, V-NK, §Z 32 10
00124  63241B1 SWEATER, V-NK, SZ 34 16
00124 43151CK  CARDIGAN, SZ 36 17
00124  76738K2  CARDIGAN, SZ 40 8
00125 54321K4  T-SHIRT, WH, SZ 30 1
00125 56422K4  T-SHIRT,WH, SZ 32 14
00125  57381J4 T-SHIRT,WH,SZ 40 15
00125 58324B1 T-SHIRT, WH, SZ 42 8

e e
,00125  57421C2 T-SHIRT, BK, SZ 46 12
00126  67341B3  WOOL SOCKS, BL 10 1
IN STOCK AS OF 10/30/70

Figure 2-1. Printed Report of all Items in Stock
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CLASS

00124

CLASS

00125

CLASS

00126

ITEMNO  DESCRIPTION
4673201 SWEATER, V-NK, SZ 32
6324181 SWEATER, V-NK, SZ 34
43151CK

CARDIGAN, SZ 36

IN STOCK AS OF 10/30/70

ITEM NO DESCRIPTION

54321K4 T-SHiIRT, WH, SZ 30
56422K4 T-SHIRT, WH, SZ 32
57381J4 T-SHIRT, WH, SZ 40

5832481 T-SHIRT, WH, SZ 42

.

IN STOCK AS OF 10/30/70

‘ITEMNO DESCRIPTION
6734183 WOOL SOCKS, BL 10

6743283 WOOL SOCKS, GR 10

IN STOCK AS OF 10/30/70

Figure 2-2. Report Group - Indicated by Product Class

—me | me  m—— — — — ——— — —— — — — —— — o—— — —— — ——

e —— — — —— i St it e Sttt ettt s, St i, (e e, e e e ety

ON HAND

10
16
17

ON HAND

11
14
15

8

ON HAND

CLASS

ITEMNO DESC

ONHAND

DATE

1213 32 33

Figure 2-3. Item Record

38 39
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Coding Control Fields

The RPG I specifications for the program are shown in
Figure 2-4. The entry L1 on line 02 of the Input Sheet
(Figure 2-4, insert A) establishes the CLASS field as a con-
trol field. When the information in the control field
changes (a control break occurs) L1 is turned on. The L1

indicator is used on the OQutput-Format-Sheet ( Figure 2-4,
insert B) to condition those operations which should be
performed only when a control break occurs. Note that the
L1 indicator is used in line 08 to condition the CLASS field
in the detail output line. This causes the CLASS field to be
printed only for the first record of a new control group.
That is, the CLASS field is printed only when it changes.

Figure 2-4. Defining and Using a Control Field
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Split Control Fields

Two separate parts of a field or two separate fields can be
used as one control field known as a split control field.
This is done by assigning the same control level indicator to
both parts of the field. The compiler will consider the data
in the split control fields as one continuous field.

Suppose you have a 3-character customer number field in
the record and now néed a 6-character field. The problem
is how to put a'larger customer number (such as 100010,
100020) in a 3-character field. You cannot change records
easily because there is no room for expansion on either
side of the customer number field (Figure 2-5), and to ex-
pand the field, the entire record format would have to be
changed. All programs using these records would also have
to be changed to accommodate the changed record format.
This would be considerable work and inconvenience. RPG
Il provides the split control field feature to meet changing
data processing needs with minimum effort.

The solution to the problem is to add a 3-character portion
to the customer number field using three columns which
are not adjacent to the original customer number field
(Figure 2-6). The original three numerals of the:customer
number remain in the original field. The three additional
numbers are put in the new customer number field.

At the end of each month, a report is produced consisting
of:

1. Customer number.
2. A description of each purchase.
3. The cost of each purchase.

4.  The total cost of all purchases.

CUSTNO " ITEMNO DESC 'QTYORD cosT }
1 34 1213 32 33 37 38 44
Figure 2-5. Three Digit Customer Field
CNUM2 ITEMNO DESC QTYORD cosT CNUM1 {
1 34 12 13 32 33 37 38 44 45 47 48

Figure 2-6. One Custo‘mer Number Split into Two Parts

Describing And Using Input  2-5



The report is group-indicated as shown in Figure 2-7.

The customer number determines when totals would be
printed and thus must be used as a control field. However,
on each record the customer number is split into two parts
(two fields). Both must be used in order to get the correct
customer number (Figure 2-8).

Coding Split Control Fields

Split control fields must be described in specifiéation lines
which follow one another (Figure 2-8, insert A).

CNUM?1, the field in columns 45-47 of the record, must be
specified on the Input sheet before CNUM2, the field in
positions 1-3. This is required because the three digits in
CNUMT1 are the first three digits of the customer number.

Parts of a split control field may be either alphameric or
numeric. In this example, they were both defined as numer-
ic (indicated by the entry in column 52). If one of them,
however, had been defined as numeric and one as alphamer-
ic, they both are considered numeric by the compiler.

CHECKING THE SEQUENCE OF RECORD TYPES

Many data processing jobs require the use of several kinds
of information. Sometimes, this information must be in a
special order to produce the correct results.

Order of Record Types Within a Group

For example, to do end-of-the-month billing, you need
several kinds of information. For each account you must
know: , :

1. The-balahce forward at the beginning of the month.
2. Payments made during thé month.
3. Purchases made during the month.

To get the amount due, you subtféct payments made from
the balance forward and then add new purchases to that
amount.

Information concerning balance forward, payments, and
purchases is usually on more than one record. Payments
are usually recorded as they are received. Purchases are
recorded as fhey are made. The balance forward is also
kept on a separate record.

Figure 2-7. Report Group Printed by Customer Number

2-6

CUSTOMER PURCHASES cosT
001249 #14 NAILS 2.49
# 9NAILS 3.78
$6.27 *
001254 HAMMER 1.29 k
ELECTRIC SAW 4285
$44.14 *
001497 2'X 4's 17.93
$17.93 *
001972 PLYWOOD 7.43
$7.43 *
002024 TILE 87.93
M/V\//\JEEL/
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Figure 2-8. Using a Split Control Field
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Thus, to do the billing, three different types of records

are necessary for each account. Furthermore, these rec-
ords must be read in a special order. The balance forward
record must come first. The payment and purchase records
can be in any order; it makes no difference whether you
subtract all payments first, or add all receipts first, or add
receipts and subtract payments in any order. However,

you must decide on the order of these records for your
program and keep them in that order, since the computer
will always expect them in a certain order.

Management of a retail store requires all receipts to be
listed and subtracted before purchases are listed and added.
Thus, the order in which the records must be read is:

1. Balance Forward.

2. Payments.

3. Purchases.

’(DRAKE, A §- Purchase

DRAKE, A

Remember that these three types of records are nécesséry

for one account. When they are organized, they are organ-

ized according to account. Each record has a name on it.
All records with the same name must be grouped together

" in the file and must be in the order indicated (see Figure

2-9, part A).

What if one of the records accidentally got out of order?
Some customer would end up with the wrong amount.

£

2/
e e
C:____._‘___'—'—.

— — ||\

|
EDWARD, B il
|

© (DRITT, ED

DRITT, ED

‘ (DRAKE, A ‘

» ) |«——Balance
/ DRAKE, A

4

Payment

Payment

®

DOE, JOHN

<————— Balance

(DOE,JOHN

DOE, JOHN

i Pyrchase

Payment

| -¢——————. Balance

Figure 2-9. Order of Record Types Within a Group
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To prevent this, you direct your program to check for rec- Since it is first, the Balance record must be given the se-

ord sequence by entries in columns 15-16 on the Input - quence entry 01 (see Figure 2-10). What sequence entries
sheet. These columns are titled Sequence and are used for would the Payment and Purchase records have? Logically,
indicating the sequence of record types for each account. they would be 02 and 03 respectively (Figure 2-10). How-

' ‘ ' ever, you could have used 09 and 20. You may use any num-
These sequence columns are used for every program you bers from 01-99 just as long as the numbers used are in as-
write. If you are not checking for a special order, these cending order. However, 01 must always be used.

columns must contain alphabetic entries. |f you are check-
ing for a special order, these columns must contain numeric
entries (01-99). S
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Figure 2-10. Record Sequence-
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Since there are three dlfferent types of records, each should
be identified by a code so that the computer knows which
record type was read. Record |dent|fy|ng mducators should
be speclfled for each record type. All fields in each record
type must also be descnbed Figure 2-11 shows how the
'records kept by the retall store were descrubed ‘

How does the entry specifying sequence help you check for
record sequence? .Suppose a payment record was read after
a purchase record.. This would be incorrect order. The pro-
gram knows that a 02 record type doesn’t come after a 03
type and will automatically halt because of the mistake.

More Than One Record Type Per Group

What would happen if two payment records (02 record
type) were read in arow? The program would halt because
it expects a 03 record type to follow a 02 type. It does not
expect two 02 types in a row. But what if a customer ac-
tually made two payments during the month? Or what if
he bought more than one item during the month? You
wouldn’t want the program to halt whenever it read more
“than one payment of purchase record per customer.

You must make another entry to indicate whether the pro-
gram can expect to read one or more records of the same

type in one group. This entry is made in column 17 (Num-
ber) of the Input sheet. A 1 indicates only one record per
type;an N mdlcates one or more records per type In thrs '
example, only one balance record is needed However, '
there may be more than one payment record of purchase
record. Figure 2-12 shows these entries.

Optional Record Types in the Group

It is also possible in this example to have no purchase rec-
ord. A customer might not have.purchased anything during
the month. Ifso, a balance record would be read after a
payment record for the previous customer (see Figure 2-9,"
part C). According to the specifications shown, this is
incorrect order. The program would halt.

~To prevent halting in this situation, you must make another

entry, this time in column 18. Place the letter O in column
18 to indicate that the record type is optional (it may or
may not be present). If you leave column 18 blank, the
computer assumes that the record’ type must always. be
present '

Of the three record types, which must always be there? .
The balance forward record should be present. Leave col-
umn 18 blank for it. The other two record types are op-
tional. Enter the letter O for each (see Figure 2-13).

Figure 2-11. Description of Sequenced Record Types
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Figure 2-13. Optional Record Types in a Group
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Checking the Order of Record Types in a Group

In summary, three entries must be made to ensure proper
checking of the sequence of records in a group.

1. Columns 15-16 must contain a n‘u‘meral from 01
through 99 that indicates the order in which records
must be read. - ‘

2. Column 17 must contain an entry that indicates
whether or'not more than one record of a type can
be expected. A 1 indicates that only one record of
a type will be accepted. An N indicates that more
than one record of a type will be accepted. ’ '

3. Column 18 must contain an entry which indicates
whether or not the record type is optional. The let-
ter O indicates that the record type is optional. A
blank indicates that the record type must be present.

Incorrect Records Within a Group

The entries for checking the sequence of record tybes with-
in a group will determine that the records in groups A and
B shown in Figure 2-14 are in order. Suppose, however,
that the payment records for John Hill and A. James were
mixed up (Figure 2-15). The program using the sequence
specifications just described would not find this error. The
record types are still in proper order, but the records them-
selves are in the wrong groups. To ensure that records are
in the right group other specifications have to be made.

For the end-of-month billing example, the NAME field is
used as a control field. A change in the NAME field indi-
cates the end of one group and the start of another. Since
the balance record is always the first one in a new group, -
the balance record type should be the only one that causes
a control break. [f the records are mixed up, as shown in
Figure 2-15, a control break will occur before all records
of one group have been read. For example, when the
Arnold James’ payment record is read after a John Hill
balance record, a control break occurs because information
in the NAME field changes. There should be no control
break at this time. |f there is a control break here, the
results of the report will be inaccurate.

( JAMES, A ,
' ( JAMES, A

| JAMES, A

@ HILL, JOHN

HILL, JOHN

HILL, JOHN

: K JAMES, A =+ Purchase
" JAMES, A
. JAMES, A . / o
’ fa— Payment
Balance
te——Purchase
: - Payment

le—— Balance

Figure 2-14. Correct Data Records in a Group
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To prevent this, certain calculation specifications must be
made. Line 01 of the Calculation sheet shown in Figure

) 2-16 shows that indicator H1 is set on. H1 is a halt indica-
tor. When it is on, processing halts after calculations and /JAMES. A
output operations have been performed for the record just '

read. . / JAMES, A

JAMES, A
/ JAMES, A -«—— Purchase
HILL, JOHN
JAMES, A
<— Payment
/
/
/ jt~~—————Balance
7 C
Vi

@ (HILL,JOHN

> ﬂAMEs, A

HILL, JOHN

[¢——— Purchase

je———— Payment

Balance

Figure 2-15. Incorrect Data Records in a Group
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) Figure 2-16. Halting When Incorrect Record if Found in a Group
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Look at the indicators which condition the SETON opera-
tion, L1 and NO1. A control break (L1 turns on) caused by
record type 01 (balance record) is correct. But a control
break (L1) caused when any other record type {02 or 03)

is read indicates that a record is in the wrong group. This

is an error condition. Thus when L1 is on (a control break
has occurred) with any record identifying indicator other
than 01 (NO1), the halt indicator H1 is set on to stop proc-
essing.

Halting on an error is one way of handling error conditions.
This method allows you to stop, correct the record in error,
and start processing over again. This often wastes time since
you must restart the computer each time an error is found.
Programming to bypass the error is more often done. This
will be discussed at a later time.

Sequenced and Unsequenced Record Types ina Group

So far we have talked about having records in a group which
must be in a special sequence. However, you may also have
records in the group which need not be in any sequence. In
this case, all records which do not need to be in sequence
are specified on the Input sheet before those that do. Re-
member that unsequenced records must have alphabetic
entries in columns 15-16, and blanks in columns 17-18.

Unexpected or Unused Records Within a Group

If the computer reads any record types which are not spec-
ified, it will halt. Often you may have several record types
within a file, but the job being done requires the use of only
a few of the record types. Do you still have to specify

each type? No, you don’t. But remember each time an un-
described type is found, the program halts. This could result
in wasted time. Therefore, to prevent halting and to elimi-
nate a description of each record type, you épecify a catch-
all indicator in addition to specifying all record types needed
(see Figure 2-17).

Figure 2-17. Catch-All Sequence Entry
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According to the specifications.in Figure 2-17, any record
read which does not have one of the identification codes
specified, is considered to be record type 99. If no opera-
tions are conditioned by record identifying indicator 99,
none will be done for all records which are considered type
99.

You may also use a catch-all indicator specification to pre-
vent halting when unexpected records {record in wrong
file, blank record, etc.) are read. Unwanted card records
are normally stacker selected into a special stacker so that
they can be removed from the deck at the end of the job.

Figure 2-18 shows specifications that describe three un-
sequenced record types used in the program and a catch-all
indicator which will be assigned to unwanted record types
found in the file. When records are not in a special order,
(alphabetic entries in columns 15-16), the catch-all indicator
is described last with no Record ldentification Codes. The
catch-all indicator turns on if a card is read which can not
be identified by any of the preceding Record identification
Codes. ‘ ‘

.
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Figure 2-18. Unsequenced Record Tﬁpés with Catch-All Séquence
Entry ‘

FIELD RECORD RELATION INDICATORS

You may have some programs which process several dif-
ferent record types. Two or more record types might con-
tain identical fields. To eliminate coding these identical
fields for every record type you may use the OR relation-
ship which indicates that certain fields are found on all
record types. Not all fields are identical in different record
types, however. You must have some way of specifying
those fields found on only specific record types in the OR
relationship. Field record relation indicators indicate those
fields found on only specific record types.

Field record relation indicators will relate:
® A field to a specific record type in the OR relationship.

® Control fields and split control fields to a specific record
type in an OR relationship.

® Match fields for more. than one record type (see Match
Fields and Multifile Processing).

OR Relationship

You can eliminate duplicate coding by using an OR relation-
ship to describe identical record types. This method also
reduces the size of the program.

When using the OR relationship, you need to write the
names of identical fields from more than one type of rec-
ord only once on the Input Sheet. OR relationship speci-
fications indicate that the fields named may be found on
all of the record types. The following input specifications
are necessary to set up the OR relationship:

. Record identifying indicators (01-99) for each record -

type.

2. The letters OR in columns 14-15 for all record types
other than the first.

3. Entries describing the record identification code of
each record type (columns 21-41).
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The record identifying codes must be described for all types
of records in the file before any fields are described (Figure
2-19). ‘ ‘ S

The letters OR are placed before the description of each
record type except the first. OR indicates that the fields
listed may be found on all record types.- In this example,
the fields listed may be found on records identified by an
N, D, or O in column 96. Identical fields are described
after the entries which establish the OR relationship.

OR Relationship With Field Record Relation Entries

In the example of printing a report by product class, all
record types had identical fields {Figure 2-3). Suppose that
the information on each record type is organized different-
ly; the records have some fields which are identical and
some which are not {Figure 2-20). Now you want to print
only a description of new items. The record identified by
an N is the only one with the DESC field. All record types
still have CLASS, ITEMNO, DATE, and ONHAND fields.

The OR relationship can be used when ail fields are not
identical. In this case, additional entries must be made in
the field record relation columns {63-64) on the Input
sheet. The entry consists of any of the record identifying
indicators (01-99) assigned to a record type specified in the
OR relationship. The record identifying indicator entered
in columns 63-64 relates a field to a particular record by
identifying the record type in which the field is found.

When columns 63-64 are blank, the fields listed are assumed
to be found in the positions specified on a/l records in the
-OR relationship.” When an entry is specified in columns
63-64, the field is found only on the record type having that
record identifying indicator.

To use the OR relationship with field record relation entries
you must: '

1. Code the specifications describing record types in the
OR'relationship (Figure 2-21, lines 02, 03, and 04).

2. Describe all fields which are identical on all record
types (Figure 2-21, lines 06, 07, and 08). In this
example, the identical fields are CLASS, ITEMNO,
and DATE.

3. Specify all fields that are found only on the first rec-

" ord type in the OR relationship, then the second rec-

ord type, then the third, and so on (Figure 2-21, lines
10,11, 12, and 13). ‘

- In this example, the only fields for the first record type
which have not been described are DESC and ONHAND.
For each field, the entry 01 must be made in columns
63-64. This entry means that DESC and ONHAND are
found on only the record type 01 identified by an AV in
column 96.
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Figure 2-18. Using the OR Relationship to Describe Identical Record Types
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CLASS ITEMNO DESC ONHAND DATE

N = 3000

1 5 6 - 12 13 32 33 40 20 95 96

New Item Record

(@]
: e}
CLASS ITEMNO ONHAND DATE %
]
(=}
1 5 6 12 13 20 90 95 96
Regular I1tem Record
Q
S
CLASS ITEMNO ONHAND DATE m
o 1]
w)
1 5 6 12 13 20 90 95 96
) Discontinued Item Record
Figure 2-20. Record Types with Some Identical Fields
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/0 Figure 2-21. Field Record Relation
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The DESC field is related to the record identified by an N
because this is the only record type having a DESC field.
ONHAND, however, is found on all record types. ON-
HAND must be related to the record having an AV in column
96 because it is in a different location on this record type.
The field location of ONHAND must be specified and re-
lated to the corresponding record type by the record iden-
tifying indicators (Figure 2-21, line 11).

Remember that when fields are not identical on‘all record
types, the field must be described and related to all record
types on which it is found. ’ :

All fields relating to only one record type should be entered
as a group and must be given the same record identifying in-
dicators in column 63-64.

If most fields are common, describing the record type with
field record relation usually reduces the number of specifi-
cations you must write and the amount of storage necessary
to hold the instructions. )

Field Record Relation with Control Fields

Control fields can also be related to a specific record type
in an OR relationship by field record relation entries. In
Figure 2-22 the CLASS field is a control field (L1 in col-
umns 59-60). It is also found on all record types; blanks
in the columns 63-64 indicate this. However, if a control
field is found on only one record type, the control field
must be Telated to the record type in which it is found by
an entry in columns 63-64 (Figuré 2-22, line 07).

The number of control fields need not be the same for
every record in the OR relationship. Regardless of the num-
ber of control fields per record type, all control fields and
all other fields related to the same record type should be
entereu as a group (Figure 2-22, lines 07 and 08).

Field Record Relation with Split Control Fields

The rules applying to field record relation with control
fields also apply to field record relation with split control
fields. In addition, when split control fields are found on
record types described in an OR relationship used with field
record relation entries, all portions of the split control field
must be assigned the same control level indicator and the
same field record relation entry. This is necessary because
all parts of a split control field are on the same record rather
than on two different records.

RPG INPUT SPECIFICATIONS Pmesimusa
IBM ciccnstions Businom Mochine '
ngum Punching Graphic Card Electro Number 12 Program 75 76 77 78 79 80
‘ [2 # A
Programmer Date Inslruc(nov Punch age D] of
5 Record Identification Codes N ) Field
I 3 Field Location .
2 1 2 = c Indicators
= 3. k]
' g £ g 313,13
Line Filename EREREE K %2l FieldName | 3 |33 ®
g ; zlsl & N . s $ gLkl s Zero
K =t = Position [~ &l position |~| |Z| Position |= 8[?}le| From To = g - Plus [Minus|or
- L Elqlk Zlolt EHE H s |EE| % Blank
13 = = 5 - HEIS k- g sl 2
2 oA 125 £ 3(5)8 2[5|4 5(5(31512 8 5|28| 2
: : aln[o
34 s|6|7 8 9 1011 12 13|1a s |16 17|18 |19 20 [21 22 23 24]25]26[27| 28 20 30 31]a2|33[34 35 36 37 38[a0[40[a1]a2]43[4s 45 45 47|45 49 50 s1}s2]53 54 55 66 57 58|59 6061 62[6a 6465 )67 68|60 70}71 72 73 74
oy T INVIENTRIY @l | 9
o2 |1 O 6l L
o3 |z o, 96| IO
ola
1 CILASS! ILIL
ofs| |x [ TIEMNO
ofe
I 9 | 7 ‘ﬁ A
of7
I 3 | B@ DESIC! | 1L
ofs
I 31| | 3RBONHIA 3L
o8| |T 3 14,1 ANID
1o] I
3 AIND: A3
) [T
12| |1

Figure 2-22. Field Record Relation with Control Fields
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CONDITIONING USE OF INPUT FILES (EXTERNAL
INDICATORS)

Thus far, in this chapter, you have read about jobs that
require the complete processing of all input files specified.
The following topics will illustrate how you can use RPG |1
to do jobs for which:

1. It is not necessary to process one or more of the files.

2. It is not necessary to process an entire file.

Using One Program»to do More Than Ohe Job

Have you ever thought how useful it would be if, when
doing similar jobs, you could use one program to perform
more than one function?

Consider, for example, the following jobs. Two types of
reports are required each week. One is a sales analysis re-
port showing what items sold during the week. The second
is an inventory repbrt showing balance on hand for each
item in stock. Notice the similarity in the format of the
reports (Figure 2-23).

SALES ANALYSIS
ITEM NUMBER  AMOUNT SOLD  DATE
46732 7 09/15/70
8 09/16/76
2 09/17/70
1 09/19/70
46739 12 09/15/70
- 20 09/16/70
25 09/17/70
8 09/18/70
3 09/19/70

\,_—-—/

Figure 2-23. Two Similar Reports from Two Different Jobs

BALANCE FORWARD
ITEM NUMBER AMOUN;FSOLD DATE  BALANCE
D732 7 09/15/70
8  09/16/70
2 09/17/70
1 09/19/70
150*
46733
32+
46739 BRY) 09/15/70
20 09/16/70
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Two files are available: the MASTER file which contains
balance forward records for all items in the store; and a
transaction file (TRANS) which contains all the weekly
sales for cach item (Figure 2-Z4). Both files are in ascend-
ing order by item number. ’ ‘

The sales analysw report merely requires a listing of records
found in the transactlon file. :

The inventory report requires that records from two files
be matched. (If you are not familiar with muitifile pro-

cessing using two input files, see the chapter Match Fields

Item Number

Note; On disk systems,
MASTER & TRANS
could be disk or

console files. / 32490
/ 32489
/ 12369 |
//rgbo469
00123
e
/ MASTER N \
/ FILE \
/ \
/ N\
/ \
/ AN

/ \

/ 12 3 4 5 5 7 8 9101 1213 1415 16°17 18 19 20 21 22 23 24 25 26 27 26 29 30 31 32

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 €2 63 64

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 B4 85 86 87 85 B9 90 91 92 93 94 95 96

97 98 99 100 101 102 103 104 105 106 107 108 109 110 1M 112 3 114 S 116 117 18 M9 120 121 12 123 124 125 126 127 128

iTEm BALANCE = o ,\1p
FORWARD
1 2 3 4 ste 7 8 9 10 n¥%12 13 14 15 16 1748 19 20 21 22 23 24 25 26 27 28 29 30 31 32

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

—NPOPT-NAOPD-NLDD>®
“NLMODPOD2NDAOD>PD~=NAOP>D

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 62 83 84 85 86 B7 88 89 90 91 92 93 94 95 96

\ 1BM 3700 /

and Multifile Processing.) ‘When records from both files
match, the number sold is subtracted from the balance on
hand. The new balance is then printed on the report
following the list of transactlons

One report requires two files; the other only one. How
could you write one program to produce reports which
have such different file requirements? |If you had some
way of telling the program when to expect the use of one
file and when to expect two files, it could be done.

This you can do with external indicators.

Item Number

/ | A
TRANSACTION N
FILE RN

/ ' N
/ N
N
// - T N

/ 12 3 4 5 6 7 8 9 101 1213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 S1 52 53 54 55 56 57 58 59 60 61 62 63 64

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 B5 86 87 88 89 90 91 92 93 94 95 96

97 98 99 100 101 102 103 104 105 106 107 108 109 O M 112 13 N4 WS M6 17 118 N9 120 121 22 123 124 125 126 127 128

ITEM QUANTITY DATE

12 3 4 5 6 7 8 910N 1213141516 17 18 19 20 29 22 23 24 25 26 27 28 29 30 31 32

33 34 35 36 37 36 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

“NAODOD—=NAOPT=NIOD>D
“NLEODPT=NAODPD=NIOD>D

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 B 82 83 84 85 86 87 @8 89 90 91 92 93 94 95 96

. 1BM 3700 /

Figure 2-24. Format of Records Used to Produce Sales Analysis and Balance Forward Reports
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Setting External Indicators s : Once an.indicator is set, it is not changed during the entire
program. The only way the setting may be changed for the

You are already familiar with several types of indicators . next program is by another Indicator Control Card entered
used in the RPG |l language. These indicators are used to: ~in the System Initialization Program.
1.  Signal the occurrence of a specific condition, such as o ,
matching records, control break, or last record. -l utlu2{usiualus|usiur|us — Indicators set
2. Control when certain operations should be per- ij]0jo0f0j010 1 — Punches
formed; such as only when a control break occurs, AN . /
or when a specific record type is read. . ©\ /
. . . ' \
Most indicators are set by the program on the basis of the ’ . ' \ : /
conditions which occur during the execution of the pro- ' ; A\ / N
gram. External indicators, however, are set by you prior // IND, | gdppo 1/
- . . 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 32
to the execution of the program. You do this in one of the ner
following ways, dependi.ng on which SyStem/3 model you ' 33035 36 37 38 35 40 41 42 43 44 45 46 47 40 43 50 5152 33 34 35 56 57 30 5 0 61 23 0a
have: N . ‘ . : t - . 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 B1 82 83 84 85 86 87 B8 .39 90 91 92 93 94 95 96
) 97 98 '99 100 101 102 103 104 105 106 107 108 109 N0 111 Hi" N3 N4 1S 16 M7 B N9 120 121 122 123 124 125 126 127 128
. N . B N 8
T A A
Model 10 Card System: In order to set external indicators 8 8
. . . . 4 . 4
in the Card System, enter an Indicator Control Card in the 2 2
System Initialization Program. The contro! card must have Liisescrssonnunkn s nannunssTmn0nn )
the following format: e 5
. ! 4 4
N 2 2
Columns . Entry 15 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 S2 53 54 S5 56 57 58 59 60 61 62 63 64 1B
) A A
. ) 8 8
12 "~ /1 {two slashes) g 2
) : ) gS 66 67 68 69 .70 71 72 73 74 75 76 77 78 79 BO 81 B2 83 B4 85 86 87 88 89 90 91 92 93 94 95 96 1
3 blank K 1BM 3700 /
46 - . | IND - y ‘
Figure 2-25. Indicator Control Card (Model 10 Card System)
7 blank '
‘ S o .| Model 10 Disk System and Model 15: Although most
8-16 . One-position entries indicating the setting l Y 9

indicators are set by the program, you set external indicators
prior to the execution of the program. This is done by
including a SWITCH statement in your Operational Control

of U1 through U8. Indicator U1 is setin
. column 8, U2 in column 9, and so on, as

follows: . . Language. The format of the SWITCH statement is:
1 . Indicator is turned on : . »
.0 . ‘Indicator is turned off '
# (blank) Indicator remains as it '
was set in, the last job . // SWITCH indicator settings

16-96 i blank -
Figure 2-25 shows an Indicator Control Card which causes ‘The indicator sethgs are:
external indicators U1 and U8 to be set on, indicators U2

)

through UG to be set off, and indicator U7 to remain as it 1‘ = indicator is turned on.
was in the previous program. ' . .

) P .p g 0 = indicator is turned off.

X = indicator is unaffected.
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Figure 2-26 shows a SWITCH statement which sets external
indicators U1 and U8 on and indicators U2 through U6 off.
Indicator U7 is unaffected.

Once an indicator is set, it is not changed until you provide
another SWITCH statement or perform IPL. Y.ou cannot
use the SETON or SETOF operation codes with external
indicators.

On the Model 15, when operating in job mode, SWITCH
settings are reset to 0 at end of job.

Model 6: The operator sets external indicators prior to
execution of the program by responding to the SWITCH
keyword displayed by the system. An eight-position re-
sponse is possible, corresponding to the eight external in-
dicators. Possible entries for each position are:

indicator is turned on.

'I =
0 = indicator is turned off.
X = indicator remains unchanged.

For example, if the operator keys XXXX10XX in response
to the SWITCH keyword:

@ Indicator U5 is turned on.
® Indicator U6 is turned off.

® |ndicators U1, U2, U3, U4, U7, and U8 remai‘nl un-
changed. .

While displaying the SWITCH keyword, the system displays
the previous external indicator setting. If all indicators are

to remain unchanged, the operator responds to SWITCH by
pressing PROG START.

Indicators set by the SWITCH keyword retain their settings
until another SWITCH statement changes them or the next
IPL occurs.

1 4 8 12 16 20 24 28

/1€ L
/V/| BMIITICH [11800aa@Ex(1

Figure 2-26. SWITCH Control Statement

Using an External Indicator to Condition a File

You can assign an external indicator to a file. When the in-
dicator is on, the file is used; when it is off, the file is not

2-22

used. This then is how you can tell a program when to ex-
pect one file and when to expect two. Consider again the
two jobs discussed previously: sales analysis and inventory.

The TRANS file is needed for both jobs, the MASTER file
is only needed for the inventory job. Thus, the MASTER
file is assigned the U1 indicator. You set the indicator on
for the inventory job (MASTER is used here) and off for
the sales analysis job (MASTER is not used here).

The U1 indicator is assigned to a file on the File Description
sheet in columns 71-72. Any of the eight external indicators
(U1-U8) could be used. U1 was arbitrarily chosen for this
example (Figure 2-27).

Naturally, the calculations performed and the type of re-

port written out will depend upon:which job is being done.
Different calculation and output-format specifications are
needed for each. In order to determine which specifica-

tions to use for a particular run of the program, calculation
and output-format-specifications must also be conditioned

by the external indicator. This topic will be further

discussed under Controlling Operations in an RPG || Program.

When writing a program which can do two jobs, be certain
that the two jobs are very similar. Where the jobs ’req'uire
many different calculations and output operations, it would
be easier to write two different programs than to use ex-
ternal indicators.

Ending the Program Before Processing All Files Completely

When should end-of-job operations take place? The pro-
gram would normally end after all records have been pro-
cessed. When you are reading-one file, you usually want to
process all records in that file. Normally, you wouldn't
want to process a few records and then end the program
unless, of course, you found an error condition. The com-
puter also operates under the assumption that all records
in the file should be processed before the program ends.
The LR (last record) indicator which conditions end-of-job
operations is not turned on until the last record has been
processed.

Suppose, however, that you are using two files in your pro-
gram. The computer assumes that all records in both files
must be processed before the program ends. If you want.
the program to end before all records in both files are pro-
cessed (for example, when the secondary file runs out of
records), you can specify this. This is done by placing an E
in column 17 of the File Description sheet for the file which
will terminate the program.



File Description Specification .

F File Type Mode of Processing . ) . 1 . File Addition/Unordered
File Designation Length of Key Field or = ) Extent Exit Number of Tracks
End of Fil of Record Address Field S [ for DAM - . ! for Cylinder Overflow
ile W
Record Address Type Symbolic . || - Nameof Number of Extents
Filename Sequence Type of File . Device Device ,§ Label Exit
File Format . Organization o 5 ‘ s
Line r Additional Area § Core Index e
Q Overflow Indicator| Condition
alg S srock S $ u1-us
gle 2 t”‘ Record ¥|5 Key Field |'2 Continuation Lines :
Sle a ength Length Sl Starti ]
Sla al3 « cla tarting |
S| |wle|x 3 S Location | . K Option
3 4 slel7 8 9 10111213 14 l15]v6)17)18]19]20 21 22 2312 25 26 27]28[29 30§31132|33 34|35 36 37 38[39) 40 41 42 43 44 45 45 47:5&}0_&_52 53] 64 55 66 67 58 59 |
o2 TIER| | TP AF vl ECIL
°FP [FITRIAIN C F QL cCiU
PIR T ®; F LINIT

olo|oo|o
oclojols]|a

(=]
b
MmN |7 |7 |7 |» FormType

F
-
12 0L 69 89 (9 99 9 ¥9 €9 29 |19 D?BSQSLS%QSVE‘EEZS 15 09 6V BV LY 9F S¥ v¥ £F Z¥ Ly Ov 6€ BE LE O SE YE £€ ZE LE OF 62 8Z LZ 9Z ST ¥Z €T ZZ 1Z OZ 64 8L L1 91 SI ¥1 €1 ZL- 1) O} S B L9 Sy E T 4

o
1N

Figure 2-27, Assignment of an External Indicator

Figure 2-28 shows the File Description sheet used in a
billing program that is to end when the last record of the
secondary file has been processed. This is indicated by an .
E in column 17,

2
File Description Specification
F File Type Mode of Processing . File Addition/Unordered
File Designation Length of Key Field or = Extent Exit ‘Number of Tracks
End of Fil of Record Address Field I o for DAM . .| .| for Cylinder Overflow
0 ile =
N Record Address Type i % Name of Number of Extents
i Sequence - i Symbolic |21 | bl Exit
Filename Type of File » Device Device 13 Tape
File Format Organization o 5 Rewind
Line or Additional Area |3 Core Index [TFie
2 a Q a | Overflow Indicator ‘2 Condition
£ S| Block ’ 5 oy £ ut-us

= g < § Leo";‘h f::o:: ¥ é Key Field | 2 Continuation Lines - 1

£ 28| elz e =I5 Starting | & 5 5

53 M g w 3 2= Location (W K Option Entry P4 &
3 4 5f6l7 8 o 101112131415 19120 21 22 23|24 25 26 2728]29 30]31}32|33 34)35 36 37 38]30)40 41 42 43 44 45 46)a7 48 49 650 61 625364 55 66 67 58 69 |60 61 62 63 64 65 |66}67)68 69)0|71 72}73 74
o2 IF TER Qie : EIC
o3| IFBAIL DIUIE Wil U
oja| |F
o{s| [F
ole F
0|7 F
o8 F
0|9 F
10 F

F

F ||

- Lt 1 1| | L 1

ZL 1L OL 69 89 [0 99 59 ¥3 £9 29 19 00 69 89 L9 95 95 V3 £G £S5 16 0G 6V BY Lv 9v Gb VY £7 Zb Ly Ov 68 BC LC OF GE VC EE ZC UL OF 62 82 LZ OZ SZ VZ EC ZZ VL OZ 6L 8L LI OL SL YL ELZL ILOL 6 8 £ 9 6 » € € ¢

\\ Figure 2-28. End-of-Job Specification
i
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To indicate that the program will end only after all records
from all files have been processed, you have the option of
leaving column 17 blank for all input, update, or combined
files or of placing an E in column 17 for all of these files.
Figure 2-29 shows both ways of specifying that all files
must be completely processed before énd-of-job. For more
information concerning end-of-job for programs using more
than one file, see Match Fields and Multi-file Processing.

. File Description Specification
. f
F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of File of Record Address Field , W for DAM for Cylinder Overflow
I
- Record Address Type Symbolic § Name of 5 Number of Extents
Filename quence Tvpe of Fils o Device Device' {3 Label Exit Tore
File Format Organization w 5 Rewind
Line or Additional Area {8 Core Index =
2 o . | Overflow Indicator’ ‘2 Condition
k- ) 2 u1-us
& S Bloc Record . ¥ 5 Key Field ['2 Continuation Lines =z S
S Length Length =k " s £
E S5 L. « S Starting (£ S 5
2 = a HE Location | K Option Entry 2 &
3 4 5lel7 8 9 10112131415 20 21 22 23] 24 25 26 27{28]29 30]31]32]33 34|35 36 37 38|30} 40 41 42 43 44 45 46]47 48 49 50 51 522%“_5,&&159 |60 61 62 63 64 65]66|67|68 69)70)71 72{73 74
ol |r R I1 g . ®
J
ofs| |FT T Q FClU
ofa] IF
ofs| [F{= -
o|e F
07| |F TIER 9 ECIUL /2\
ofs| [FITRIAINI 2l clu ~,
0y9 F
1lo| |F
F
£ - 1]
T4 TL OL 69 63 £D 09 59 ¥9 €9 20 19 09 63 69 L3 05 &5 73 £3 23 13 03 6V B LV S¥ Sv b» £V Zv Ib OV 6C BC LC 9C ST VC €€ ZC T OC 6Z 82 LZ 9T S VE CL ZZ VZ OZGI I ZL SL G VI Er ZI IOl 6 8 £ 8 5 v € 2 ¢
i

Note: On disk systems, the files shown here might be on different devices, such as disk or console.

Figure 2-29. Two Ways of Specifying that All Records in All Files Must be Procésed Before the Program Can End

224




Review 2

1. A sales analysis report is to be group-indicated by salesman number as shown on
the print chart below (GX20-1776). - :

The fields on input file records are arranged as follows:

Positions v
1-2 Salesman number (last two digits of the three possible)
38 Amount of sale - '
9-23 Customer name
30 Salesman number (first digit of the three possible)
96 1 identifies the record type '

Fill in the input specifications for this program éhoosing yoUr own file and f>ield

names.
! i
PAGE h Fold back at dotted line. it Fold in at dotted tine. ) I
DATE ! ! '

. NOTE: Dimension:
~. . X * | Exact measurement
) with a ruler rather t

wihhhhhphpihhppphbhibph b
i2|2|2)2|2]3]5]|313|3|3]3|3|3|3|a|e|a[a|a]a|a]ala|a{s]s|s|5{5(5]|5|5|3|5]6l6[6|6|616|6(6|6|6! alalals 0800080 .
ifs|e[71e|3[ol7]2(3(a]3]82[a]a[o[7|2[341s]e|7 afs|of [213]4]318|7 (813113 515 a1 5 e 7 Lelolols 2]3]4|2le |7 820 LS IaIo ez o o ot 23 12 5 a2 o lolols [oISIlSISl? (8 Slo): [2[3[415le Falalel 2 2212 312
SIALIES Ah LIYisIris] RIEAGRT]
L NUMBER CUSTD A
X X ) (K10 KX
XX XXX (itoltlall] Fole| Islallelsiman)
KKKy KKK K] ( Folr| EFlela)

J
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2.  Alarge warehouse requires a weekly report showing the quantity of each item in

stock. Three types of records are found in the file for every item in stock:

a. In Stock, which records the quantity in stock at the beginning of the week. This
record must be present, and there can be only one per item. It is identified by a
Q in column 96.

b. Receipt, which records the quantity brought into the warehouse. This record is
optional. There may be several per item. It is identified by an | in column 96.

c. Issue, which records the quantity shipped out of the warehouse. This record is
optional. There may be several per item. It is identified by an O in column 96.

| ! 1
ITEMNO ! DATE : INSTOK :

123456 7 819310111213 14N5161718192021%2223242526 27 282930 i

INSTOCK Record

ITEMNO :DATE i SHIPIN ;

123456 7 cte10% 21313h1515 17131920 212223242525 27 282930 31

-'RECEIPT Record

I .
ITEMNO :DATE ; ouT ;

r223assr8lswnnoulissnwonl2n24252%212829300

ISSUE Record

The records are grouped é‘ccording to item number. All records of one item number must
be in the order listed previously. Using the information given, write the Input specifica-
tions which are necessary to: »

a. Check the sequence of the records in each group. ‘

b. Prevent halting if unwanted or unused record types are read.



3. Rewrite the Input specifications shown below using field record relation entries. .

o/

\_/

RPG INPUT SPECIFICATIONS ' FaedmUSA
IBM Suninss Mochine
12 75 76 77 78 79 80
Program Punching Graphic Card Etectro Number , D:I Program
N age of e
Programmer Date Instruction Punch X —_
5 Record Identification Codes i
I % Field Location F'EI.d
2 ) 2 3 = < Indicators
- i} =
2, 2 < |5 =
3 £: H Sleal e
Line Filename s |z £5 g %| FieldName | 3 23 ;’
§ ‘g’ =|agt s " e & g (L) g Zero
= =l Position [~ 5| position {~| [&| Position |=f 1E[?[z] From To = 2 |22l 8 |Plus Minus|or
3iste Z|po|E Zlo]8 Zlalg|S|a € S |Z2E| & Blank
£ E<§§ M IS E M ER H 185l 2 an
£ o[r| |2|8] & Z°Dg 21516 2|5|5|a|= S 3 |25] &
A[n]D
3 4 5|6|7 8 9 1011 12131415 1617|1819 20 {21 22 23 24[25(|26127|28 29 30 3132|33|34 |35 36 37 38|39|40[41[42]|43{44 45 46 47|48 49 50 51|52]53 54 55 56 57 58|59 60|61 62|63 64|65 66|67 68|69 70|71 72 73 74
ofo] [plalylelr [l Wisl [ 11 ClR
°12] 1Tpel | PIAYY! RIATIE| |CIAIRID:
ols] [z 3 KINO!
ol [z m T
NaEE QAEMPINO |
ote} IT 241 IN E
BANE 3 PAYRAT
°%] IIpel | STIOCIK! IAINID! BIOND| IDIE TILIONS
o8l |T NS| | {2 C
o] [z 0%5 KNIO
N 4 DEPT L2
Ml b | | Q@EMPINO L
3] |z 331 | 417 E
eE L 4I2DE DAMT]
el Ta K |
RPG INPUT SPECIFICATIONS e s A
IBM Susiness Machine
12 75 76 77 78 79 80
Program . Punching Graphic Carfi Electro Number ED Program
Programmer Date Instruction Punch Page °'_ Identification
5 Record Identification Codes ) Co Field
I . ] Field Location Indi
3 y 2 3 : s s ndicators
< 1 =
2 2 . - 15 5
S5 H Sleal @
Line | - Filename = g 5 g . Z| FieldName | 3 |53 ‘1‘3
g | =|5| § c N 3 . K E Ll § Zero
> ¢ == position [~ | |&| Position [~| |&] Positon |=| [E|C|e| From To |3 2 122! 8 |Plus [Minusjor
o 3|z Z2|al8 Z|a|8 HMNEER H s |[SE| <
£ HEE z (5|2 (5|5 AN EEE i 2185 2 Blank
F
8 o[r] 25| & 2|5|8 3[5|5 2(5)6|a|8 & 8 [£5| &
aln]D . .
3 4 5(6)7 8 9 10 11 12 1311415 [16[17]18 |19 20 |21 22 23 24|25|26|27|28 29 30 31)32(33|34{35 36 37 383940 [41[42|43 |44 45 46 47|48 49 50 51|52]53 54 55 56 57 58|59 60|61 62|63 64|65 6667 68|69 70|71 72 73 74
o] |Tp OURIS KED
of2 Jr c
of3f [T | 3 E o)
ofaf 1 M EPT | ILi2
° I A FFEMPIND! 1]
ofel |z A | 1214] INIAMIE
oy |t 3 HRISWEKD
ols] |1 l

4.  Towrite an RPG |l program which will produce either of two similar reports re-’
quiring the use of one or two input files, you must enter a (an)
indicator in columns of the sheet for the optional file.

5. You are reading two files, NAMADD and TRANSACT. TRANSACT records will
have a field added to them at output time. The program should stop when the last
record from TRANSACT has been processed. '

Make the necessary File Description entries for NAMADD and TRANSACT.
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Answers To Review 2

. .
RPG INPUT SPECIFICATIONS o Gxatsose_ummosor
° Printed in US.A.
IBM Internanionat Business Machine Corporation . s : '
d 12 75 76 77 78 79 80
) . d Electro Number . ‘
Program Punching Graphic Card Electro Number o [D . Program
Programmer TDale Instruction | ey . - —
8 Record Identification Codes ’ N 3 - Field
I 3 Field Location : Indi
- 1 2 3 = P ndicators
) ” . 25 |5
£: z . SlsaglE
. - - e - k= . = 2T
Line Filename z z 6 g Z] Field Name 3 |8s| P
2 = [=|5| & A= & X g ||, 8 Zero
2z 5z =2 Position |~ g Position || {&] Position }=| |E|?|e] From To = 2|22 & | Plus |Mi
€ 5.5?, Zlo|¢ Zlo|s EQ§%§ E S 155| = Blank
5 2] 8 s |N|E <IN| B A EIE i £ 12 3
& oln] 12|8] & 3|58 51516 SEEHEE H §|28| .2
Aln|o . .
3 4 5 7 8 9 101 1213114 15 [16[17[18 119 20 |21 22 23 24|25|26|27|28 29 30 31|32{33]34|35 36 37 38|33)40|41|42|43 61 62

44 45 46 47|48 49 50 51]52|53 54 55 56 57 58|59 60

[

3%_%5 o

S 2000
Bl laMT

30 lclu

53 64)65 66|67 68|69 70|71 72 73 74"

SIAILEFTILENS bl

=

~
e e R e N R e A e R e N R R L R R R N B

1 .
TL 4L 0L 69 89 £9 99 S9 ¥ £9 Z9 19 09 65 85 LS 95 SS ¥ £5 ZG 1S 05 6b BY LV Ov Sb ¥ £p Z¥ Ly Ov 6 BE LE OC SE VE €€ ZE (€ OC 62 BZ LZ QT ST PZ EZ ZZ W2 OZ 6L-8L L1 9L SL YL EL ZL L1 0L - 6 8 L 9 S ¥ E C 1

The two fields which make up the salesman number should be assigned the same
control level indicator to indicate that both fields are to be considered as one,

The split control fields must be specified on two adjacent lines. Since the first
digit of the salesman number is in position 30, this single digit field should be
specified before the field containing the last two digits of the number. The
program determines the order in which the digits are to be arranged by the order
in which the fields are specified. - )

i
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RPG INPUT SPECIFICATIONS

GX21:9094 U/MOS50*

Printed in US.A.
IBM Business Machine G
12 75 7 79 80
Program Punching Graphic Card Electro Number rogram 5 76 77.78 79
Programmer Date Instruction [ 500 Page o Identification
Record identification Codes f
I Field Location IFlcelI'dato s
ig
1 2 3 § § naic.
Line Filename z I Z! FieldName [ 3 [33| 3
g . 2 |<is o |2 & & l&el s Zero
3 4 3512 Position || |%| Position [-| |E| Position |of |E\Cle| From To |3 2 18z] & [Pws [Minusfor
& ofr[ |2[6 HEIE 2|6 B RS 3 3 |126| &
. a[N|D
3 45 7 8 9 10 11 12131415 |16 [17(18]19 20 |21 22 23 24]25|26)27|28 29 30 31{32|33|34]35 36 37 38|39{40|41{42{43|44 45 46 4748 43 50 51(52]53 54 55 56 57 58|59 60|61 62|63 6465 66|67 68|69 7071 72 713 74
| REFOR a | eNciq [ blaMclr] | laleimcio
of2 Vil L
o3 L | 96
oy 8 IIIT 0
oJs g [ el plalr
ols L OK
oy 2 2 I
o) 8| [ITIEMNIO
oo Q|2 Ipalr
1o 2 IIPI
UL lra) Qb ICO
8| I[TIE
e 9| | 14| IDATIE
1a Ur

N
HIHIHIHIH[H[H|H i H [l R [H [ A S H]H] [N

I

2L 1L OL 63 89 £9 99 S9 ¥9 £9 29 19 09 65 BS LS 9S SS ¥S €5 25 1G 05 6 8Y LV 9% Gv by €b Zv Lv O 6€ 8€ L OE GC ¥E €€ Z€ LT OF 62 B2 LZ OC GC vZ €L 2Z V\Z OZ 6L 8L LL 9L G vi £L 2L 1L OL 6 8 £ 9 6§ ¥ € Z 1}

Any alphabetic séquence entry must be entered first to catch all record types not
being used for the program. This prevents halting when an unused or unidentified
record is. found in:the input file. The three record types being sequence checked
must be assigned sequence numbers in ascending order with the INSTOK record
first, the RECEIPT record second, and the ISSUE record third. Since there is only
one INSTOK record per group, a 1 must be entered in column 17. This record
must be present so column 18 is left blank. Both of the remaining record types
require an N in column 17 and an O in column 18. They are optional, and there
may be more than one per group. Any record identifying‘indicators (01-99) you

choose are correct.

Answers To Review 2
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IBM International Business Machine Corporation

RPG INPUT SPECIFICATIONS gt umoso:

12 75 76 77 78 79 B0
Program Punching Graphic Card Electro Number . D] . Program 2
Programmer Date ‘| Instruction Punch o . ificati
5 Record Identification Codes i
I g > Field Location Field
2 \ 2 . ] 3 = g Indicators
k- e z s i
. =% - 2 . 2 |83 &
Line Filename HEEE] g Z| Field Name 3 |25| ®
2 2ls| § 5|3 < 3L 8 forkd
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‘Because these record types contain common fields, the OR relationship may be used
to describe them. However, since not all fields are common to all record types,
field record relation entries must also be used. All common fields—WEEKNO,
EMPNO, and DEPT—are described first. The NAME field, although found on all
record types, is in different locations. Thus, it must be related to all record types
by specifying it and its end position three times and using the record identifying -
indicator in columns 63-64 to indicate the record type with which it is associated.
PAYRAT is found in only record type 10. Thus 10 is placed in the Field Record
Relation columns (63-64). DEDAMT and HRSWKD are related to the record type
on which they are found in the same way. Remember that all fields related to one
record type must be grouped together. ’

4.  An external indicator {U1-U8); 71-72; File Description.




File Description Specification

F File Type Mode of Procassing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of Fite of Record Address Field I for DAM for Cylinder Overflow
9
Record Address Type ! Z]  Nameof Number of Extents
. Sequence _ Symbolic {3 .
Filename . Type of File Y Device Device | i Label Exit Tore
File Format Organization o 3 Rewind
Line or Additional Area g Core Index e ]
a - Overtlow Indicator| Condition
& sie S| Bloek d S 8 ut-us
= gle g Luonnth E::::h ¥ é Key Field g Cantinuation Lines 2| —
€ g Ol 1a s « gls Starting | 3 5
2 LL2iu[=E 2 $ = Location % K Option Entry 3 &
34 slel7 8 9 10111213 1al1s[16]17|18|19]20 21 22 23] 24 26 26 27)28]70 30)31]32)33 34135 36 37 38)38)40 41 42 43 44 45 48 [47 48 46 50 61 62 |salss 65 58 57 62 69 |60 1 62 63 84 65|6s|e7]es 60|71 72|73 74
of2[[eNAMAlDD] | Il L‘ 9l cu
02| |FITRANISIACTT E L
04 F
ois| [F
ole F
07| {F
ofs F
of9 F
1|0 F
F
F | 1] : ||
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In the example above, TRANSACT is specified as a combined MFCU file because it
is to be both read and punched. An E is entered in column 17 for this same file to

indicate that the program should end when all TRANSACT records have been

processed.

If you have a disk system, however, TRANSACT could be a disk update file (U in
column 15). NAMADD would probably also be a disk file. An E would still be
entered in column 17 for the TRANSACT file. '
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Chapter 3. Controlling Printer Qutput

CHAPTER 3 DESCRIBES:
RPG Il overflow and fetch ovérﬂow to control page formatting.
RPG |1 fetch overflow object program cycle.
Aligning printer forms.
Editing with edit words.
- Using the special RPGII word, *PLACE, to print duplicate information.

. Dual printer files.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
The RPG II object program cycle for overflow.
Function of RPG Il indicators.

Using edit codes to punctuate numeric data.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
RPG Il overflow and fetch overflow.
Effects of fetch overf_low on the hPG I} object brogram cycle.
Aligning prir}ter forms.
Using edit words.
*PLACE

Coding for the Dual Feed Carriage Feature on the IBM 5203 Printer and coding for
Dual Feed Tractors on the IBM 2222 Printer. - ‘

Note: You can use the review questions contained in Review 3 at the end of this
chapter to test your comprehension of each topic in the chapter. Questions are’

grouped according to the topic to which they apply. Answers follow the review

questions.
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INTRODUCTION

The most important part of any RPG Il program is the
result—the output. This chapter describes the RPG 1l cod-
ing necessary to format and punctuate printed output to
make it easier to read and understand. Methods are also

described for duplicating information on the output record -

and using dual printer files to print two reports in the same
program. :

Using the printer, you can create a report consisting of in-
dividual lines (records) recorded consecutively on stock
paper. You may also use it to record information on your

own preprinted forms, such as on bills, invoices, and checks.

Regardless of the paper or form you are printing on, you
are always interested in obtaining a report that is neat and
readable. This means that the format of the report and
data on the report must be considered .when planning the .
program.

RPG Il coding for the different printers available on
System/3 is nearly identical. Differences in coding are
noted. The available printers are:

© |BM 5203 Printer (Model 10)
® |BM 1403 Printer (Model 10 Disk System and Model 15)
© |BM 5213 Printer (Model 6)

© IBM 2222 Printer (Model 6)

USING OVERFLOW AND FETCH OVERFLOW TO .
CONTROL PAGE FORMATTING ‘

RPG Il performs automatic page formatting. With standard
66 line forms, it leaves five blank lines at the top of a page
and six at the bottom. (Six lines are printed per inch; eight
lines per inch are also possible.) However, automatic page
formatting may not always meet your needs. |f you want
control over page formatting, you can use an overflow
indicator (OA-OG, OV). For instance, assume that at the
end of every month you prepare an inventory report which
consists of a list of the quantity of all items in stock by
product class. ltems are listed by product class, and each
product class should start on a new page (Figure 3-1).

Suppose the heading were to start on line 11 of each page.
To have an equal margin (ten spaces) on top and bottom,
line 56 should be the last printed line on the page (assum-
ing 66 lines per page). For this report, you must use an
overflow indicator to control page format.

Overflow Indicators

Overflow indicators, like other indicators, are used to do
two things:

® Signal a certain condition.
\
o Control when specific operations {including those which
control page format) are performed.

For example, in the monthly inventory report, items in
stock are listed by product class. The report consists of 46
lines per page (starting line is 11 and ending line 56). Some
product classes are going to have more than 46 different
items in stock. For these classes, additional pages (overflow
pages) are required to list the items. :

Normally, the overflow line is the last line you want to
print on the page. For this report, the overfiow line would
be line 56. When this line is printed, the overflow indicator
(if one is assigned) is turned on to signal that the last line

* you wished printed on the page has been reached.

When the overflow indicator is on, you know that the over-
flow line has been reached. At the end of the page, opera-
tions, such as ‘advancing to a new page (the overflow page)
and printing headings on the new page, can be performed.
By assigning and using overflow indicators, you can print
special lines at the bottom of{the‘ page and at the top of the
new page. Because you do these operations only when the
overflow indicator is on, you will have to condition these
operations by the overflow indicator.

e



> CLASS

. 00124

ITEM NO

46732J1
6324181
43151CK

\—/ '

DESCRIPTION

SWEATER, V-NK, SZ 32
SWEATER, V-NK, SZ 34

CARDIGAN, SZ 36

ON HAND <+——l

10
16
17

Line 11

Line 56

IN STOCK AS OF 10/30/71 ——

R

DESCRIPTION

T-SHIRT, WH, SZ 30
T-SHIRT, WH, SZ 32
T-SHIRT, WH, SZ 40
T-SHIRT, WH, SZ 42

ON HAND ~——

1
14
15

—— Line 11

IN STOCK AS OF 10/30/71

CLASS ITEM NO

00125 54321K4

56422K4

57381J4

5832481

-

CLASS ITEM NO

) = ' 00126 67341B3
‘ 67432B3

B

IN STOCK AS OF 10/30/71

N —————

Line 56

DESCRIPTION

WOOL SOCKS, BL 10
WOOL SOCKS, GR 10
B R

vi

—

ON HAND ~—

"

Line 11

Line 56

Figure 3-1. End-of-Month Inventory Report

)
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Specifications for Using Overflow Indicators . B "name can be used here. Columns 15-22 contain the entries
: ~ for report formatting: :

You must specify to the RPG Il compiler how reports ' } )
should be printed. To tell it what to do, you make line - ® Columns 15-17: Place in these columns the number of ‘

counter, file description, and output-format specifications. - " available lines per page. Your page can contain a max-
: v imum of 112 lines. The inventory report uses standard

* 11-inch paper, providing 66 lines per page.

Line Counter Specifications : .

® Columns 18-19: Put the letters FL in these columns to

Line counter specifications, found on the bottom half of show that the previous specifications gave form length.
the Extension and Line Counter sheet (Figure 3-2), are used ; . ,
exclusively for defining the number of lines you want’ o ® Columns 20-22: Enter in these columns the number of
printed on each page. ' , _the overflow line, when you want the overflow indicator

) to be turned on. In the example given, it was 56. You
Every time you use an overflow indicator to control for-- .. can use any humber from 1-112.
matting, you should prepare line counter specifications. . - ‘ .
Otherwise, a page length of 66 lines will be assumed with " ® Columns 23-24: Enter the letters OL in these columns
line 60 as overflow line. , n ) ~ to show that the previous specification was the overflow

‘ _ . line. ,
Figure 3-3 is a sample Line Counter sheet for the invqr'itory o . ) : ‘ » B
report. Columns 7-14 are for filename. Only a printer file Notice that columns 25-80 are not used.
RPG EXTENSION AND LINE COUNTER SPECIFICATIONS ' s OSA

IBM Susioes Machine

1.2 75 76 77 78 79 80
Program Punching - Graphic Card Electro Number e [D of_ Program \
Programmer | Date Instruction Punch .
Extension Specifications ) Ve
E Record Sequence of the Chaining File .
. Number . - N
Number of the Chaining Field of - Number - 2l gl
- " Tableor |Enwiss-| ot - |Length | |2 g Table or Length 218
Line g To Filename P Entries of e Array Name | of a2l Comments
g » Array Name | Per Entry jec|Z}B| (Atternating | Eptry =
= . Record | Per Table Y s|c «ls
From Filename N JlE]g| Format. : SlE[S
E or Array S5 3 3|5 %
& NI L 1=|8|&
34 s]6)7 8lo 1011 12 13 14 15 16 17 1819 20 21 22 23 24 25 26]27 28 29 30 31 3233 34 35]36 37 38 39] aa]45 |46 47 48 49 50 51|52 53 54|55|56[57 |58 59 60 61 62 63 64 65 66 67 68 69 70 7172 73 74

o
1B
2

o|o
w

=)
Iy

o
o
mimim m m{im m|im|m|mio

Line Counter Specifications

I. 1 2 3 .4, 5 6 7 8 9 10 " 12
- k]
g e g
Line = ilename S r . -
I 5 |5 5 |55 5 |z s lesl Blzsl gl@s 5|38 5 [z % R ER] R B 5 155
8 o = o E-3 2 E o c o -1 E-3 [=g-1 2 € 0 o € a o €0 a c a2 f=r-1
E @ € Bg 2E |5E| o€ |S€| o2 |SE| € |5E] 2€ |5E| 2E|SE| e E|SE] «E|5E| 2E[(EE] cE|EE| «E |§E
S £ 3 El £5 |25) £5 g:,e: 23t e3 |25 €5 |25 35 g: £53 _g:.s:gz.sz 3| €5 |83 €3 |25
w Jz (22l 22 |loz| =22 Z|l Sz lozf. 42 oz 3z |oz| 32 z| Sz ozl a2 2| dz 62| 32|62 52 |62
3 4 516 789|0‘11|21314‘51517|3|9102|222324252527282930313233343536373829404‘4243“454647"849505!5253545556575359606|6253645566676869707'727374
11| |L e
12| [u
L

Figure 3-2. RPG Il Extension and Line Counter Specification Sheet

i
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)

Line Counter Specifications
L 1 2 3 4 5 6 7 8 9 10 11 12
Line' | & Filename - § 5 B N - . N . N U P < -
8 52 (g3 523252 (82|52 (62|52 (62| 52|82 53|82 52|83 5282 52|62 52825232
3 4 6 |7 8 9 10 11 12 13 14]15 16 1718 19]20 21 22{23 24|25 26 27{28 29|30 31 32133 34|35 36 37/38 39}40 41 42|43 44] 45 46 47{48 49|50 51 52|53 54} 55 56 57|58 59|60 61 62|63 64|65 66 67{68 69]70 71 72|73 74
1) JLIPR T blbEIL L
112 L
L
Figure 3-3. Line Counter Specifiéatiohs
File Description Specifications
You must assign an overflow indicator to the printer file
when you want to control the format of printed reports.
This is done by an entry in columns 33-34 of the File De-
scription'sheet (Figure 3-4). You may choose to enter any
of the following overflow indicators: OA, OB, OC, OD, OE,
OF, OG, or OV. The one you choose, however, must be
used throughout the program. L must also be entered in
column 39 to indicate that line counter specifications are
used. ‘ '
These two entries indicate to the RPG Il compiler that it
should not provide automatic page formatting, but should
format according to your specifications. If you do not’
make an entry in columns 33-34 of the File Description
sheet for a printer file, an automatic skip to line 1 occurs
on overflow. o
File Description Specification
Fite Type Mode of Processing File Addition/Unordered
F File Designation Length of Key Field o s Extent Exit Number of Tracks
End of Fil of Record Address Field ) E for DAM for Cylinder Overflow
libies Record Address Type Symbolic § Name uf} Number of Extents
Filename Sequence Type of File B Device Device i Label Exit Tome
File Format Organization - ) 3 c 1nd Rewind
Line or Additional Area | ore Index Fre |
% o g al - | Overflow Indicator ‘: s::nsgian
b S| Block Record 5 e -1 — -ug_ |
’: S g a S Le:cgth‘ L:rc\:ih - é g . :‘:va':;m é Continuation Lines 1 §
K S g w| E a s = Location [ K Option Entry | z
3 4 5l6l7 8 0 10111213 14(15]16 nﬁiﬁg&zz:qu_sz__vgaao 31[32]33 34]35 36 37 38[39]40 41 42:34445463_3_92_151mugmﬂ&gﬂgﬂeaﬁgghuﬂ7o7l 72|73 74
of2[ JflclalRiDl] [ [ It b ]
o3| IFIPRITINT TE
o}4 F
0|5 F
0{6 F
o7 F
of8| {F Different device names could be used here,
ofel F depending on your system configuration
Lo F and model. The device name for the Model 6
F printer would be TRACTR1.
F
ZL L 0L 69 83 £9 99 S9 ¥9 €9 Z9 19 09 69 89 L5 95 S9 -EEZS 18 03 6" 8Y Lb 9¥ St v¥ £V Z¥ Lb OP 6€ BE LE 9€ G€ P€ €€ € lClotl SZ.BlILZlQZIEZ.vllfﬁlTlLDlLﬁllglALll?l‘&‘?llli.‘l.ll lII IOI. 5‘ 8 L 9 S v £ Z L

-\'Figure 3-4. Assigning an Overflow Indicator to the Printer
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Output-Format Specifications

When RPG Il handles overflow, pages are advanced auto-
matically. When you handle overflow, you must specify
that forms should advance. This is done by specifying a ‘
skip to the first printing line on the pagg‘. For the end-of-
month inventory report (Figure 3-1), this would be a head- -
ing on line 11. Figure 3-5 shows the correct specification
for forms advancement. Remember to make a skip specifi-
.. cation on a line conditioned by the overflow indicator
' (Figure 3-6). If you forget, a continuous listing will be the
result. '

When the printer reaches the end of a printed page, RPG I!
also allows you to ignore that the end of the page has been
reached and continue printing. You do this by assigning an
overflow indicator and never using it to condition output
files. Lines will be printed from the top line to the bottom
line of each page, even over the"p’eyrforation'. If you do not
want this to happen, remember to use an overflow indicator
to condition the output operations which are to be done
when the end of the page is reached.

Preventing Records From Printing Over the Perforation

Suppose your program prints several detail and/or total -
‘records per program cycle as shown in Figure 3-6. In this
case, the overflow indicator could be turned on:

1. - When the detail record is printed.
2.  When any one of the total records is printed.

If overflow occurs when the detail record is printed, all
total lines will also be printed before forms advance, pro-
vided a level 3 control break has occurred (L1-L3 are on).
Remember the specification to skip to the next page is on
the heading line conditioned by.the overflow indicator.
This heading line is reached only after total records are
printed.

Assume that line 58 was specified as the overflow line for
this program. Assume also that the detail record printed on
the overflow line and that a level 3 control break occurred
when the next card was read. One page of the report would
look like that shown in Figure 3-7. Because all total rec-
ords are printed before overflow is sensed, the last total
record is printed on the fourth line of the next page. One
total record was even printed over the perforation.

What can you do to eliminate this situation? You could
specify the overflow line high enough on the page so that

all total records would be printed on the page after the
overflow lvine‘has been reached. For the report shown in
Figure 37, the printing of total records requires 14 lines {in-
cluding spacing lines). Thus for the case where a detail rec-
ord is printed on the overflow line, you would have to
specify line 44 as the overflow line to prevent printing

past line 58. .

. . i 1090 U/M 050°
RPG OUTPUT SPECIFICATIONS e s 0%0
IBM Business Machine Cc . :
1.2 . 75 76 77 78 79 80
Program Punching Graphic Card Etectro Number e [l] o Program
Programmer |Dalo Instruction Punch —_ ificati
. - : .
o |space|  Skip Output Indicators Commas | 2670 Balances [ oo T o T Tx = Remove
a|El : : : to Print o Plus Sign
El® Field Name “
gle s Yes Yes 1. A]s|Y=Dae +
Eil || ety l Yes No 2 B K| gield Edit
Line - Filename W EIEE End - - No Yes 3 c L = Zero
&l3|8(< And _ And | Positon No No 4 [po|m Suppress °

g ~la o £12] o 3 ‘

- alolo] €| & |3 5 H : 8| Output |3 Constant or Edit Word

5 ofr @<= z z *AUTO 22| Record &

- A[N[D e
3455739l0|I|713‘Ml516|7|8|9202|2223242526272829303!37333‘35363738'3_940414243“454647484950515253545556575859605‘62836455565768597071727374
o['] |olPlRNT] P ,

021 1o 0 oV ‘
0 [} 7
3 le CILIASIS
o[ o i [T TIE !
ols| |o \ !
57| ' DESCRIPTION
ols| |o 7181 | p URE
07| |o
PP I PS |

Figure 3-5. Specifications for Forms Advancement
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RPG  OUTPUT  SPECIFICATIONS Grareo umosor
IBM  .cccatonat esines Mochine Corporaton

1.2
Program - Punching Graphic Card Electra Number Program
I > Page of I
nstruction Punch

75 76 77 78 79 80

Programmer Date

O _|E[space] sk Output Indicators Commas | 2670 Batances [ (" T T T = Remove
wls ield N to Print Plus Sign
S1E Field Name Yes Yes 1 Ay |Y=Dpae
Zl=] o] r Yes No 2 B K Field Edit
Line Filename M EIEE And And End No Yes 3 c|L [Z2= Zero
SEHEER n o | Positon No No 4 D |M Suppress
§ i - gl2 i «
e alofo] S 12 I3 H 8 8|5| Output |3 Constant or Edit Word
5 o[r B 2 z *AUTO £|2| Record |&
- AN wl= ¢
3 45 7 8 9 10 11 12 13[14]15]16[17]|18]19 20|21 2_2{2324 26 127)28[29}30 {31 |32 33 34 35 JGJ7|38E9 40 41 42 43]44]45 46 47 48 43 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70{71 72 73 74
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Figure 3-6. Several Total Records Per Cycle.
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Figure 3-7. Printing Over the Perforation
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This is not the best solution, however. Suppose overflow
was caused by the second total record instead of the detail
record. Only one more total line would be printed before
. forms advanced. Much of the page is not used in this case
since the last line is printed on line 50 (see Figure 3-8). As
you see, this is a very uneconomical solution since much
paper can be wasted.

Fetch Overflow

RPG Il provides you with a better solution for preventing
printing over the perforation than the one previously dis-
cussed. This solution uses the RPG I routine known as
fetch overflow. Fetch overflow specifications allow you to
alter the basic RPG |l overflow logic (see Overflow Indi-
cator, Chapter 7). You can cause forms to advance at the
time total or detail records are printed, instead of waiting

/

for the usual time. Figure 3-9 shows the two additional
times when operations conditioned by the overflow indi-
cator may be performed. (Remember that forms advance
at this time.)

During the regular program cycle, the RPG |l program tests
only once to see if the overflow indicator is on; this occurs
immediately after total output. By using the fetch over-
flow specification, you can teil the computer to check if the
overflow indicator is on before it prints total or detail rec-
ords. You do this by simply entering an F in column 16 of
the Output-Format sheet for any detail or total record.
When an F is encountered, a test is made before that line is
printed.

If the overflow indicator is on when the test is made, all
operations conditioned by the overflow indicator are
immediately performed. These operations usually include
forms advancement and the printing of headings. In order
for the line to be printed, all other indicator conditions
tested for on the same line as the overflow indicator must
also be satisfied.

36

78.45 —)

37
38

168.17 /

39
40

a1
42

755.67

43
a4

45
46

4,989.72

47
48

49
- 50

13,421.67 )

51
52

53
54

55

Figure 3-8. Specifying the Overflow Line High on the Page
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Figure 3-9. Logic for Fetch Overflow
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Figure 3-10 shows two fetch overflow specifications (lines

07 and 09). Consider how these operations are performed.
When it is time for the specification in line 07 to be done,

a test is made to see if the overflow indicator is on. If itis
on, the overflow routine is fetched; this causes the follow-

ing operations to be performed.

1. . All total lines conditioned by the overflow indicator
are printed.

2. Forms are advanced (provided a skip to a new page
has been specified in a line conditioned by the over-
flow indicator).

3. Heading lines conditioned by the overflow indicator
are printed.

4.  The overflow indicator is turned off.
5. The record specified in line 07 is printed.

Another test is made to see if the overflow indicator is on
because of the specification (F) in line 09. If line 07 causes
forms to advance, the overflow indicator would not be on
at this time. The total record specified in specification line
09 would be printed normally.

RPG OUTPUT
IBM International Business Machine Corporation
Program Punching Graphic
Programmer Date Instruction Punch
O C|space]  skip Output Indicators
I 4
] 1 N
S & | Field Name
. it T s
Line . Filename § % 3 i And Ahd
a ~|a ©
= =
T alos] €| & 0s| | [5l | |5
5 olR @ | < |2 z z *AUTO
£
A
3 4 5|6)7 8 9|O||‘113141515|7|8|92071221324252627@293031 3233&2&_7
ol'] [olplRirinir|ElR P
°12] 1° : OR| oY
03 ]
o+ o D L
ofs| |O
0 (o]
b I An F in column 16 causes the
ol |0 computer to test to see if the
=
olef [o 1 overflow indicatorison. | |
1ol |o P e
R e e S B e e e

Figure 3-10. Fetch Overflow Specifications

310

However, if the record specified in line 07 were printed on
the overflow line, the overflow indicator would be on and
the specification in line 09 would cause the overflow routine
to be performed.

Consider again the example as shown'in Figure 3-6. When the
detail line was printed on the overflow line, all total lines
were also printed before forms advanced. As a result, print-
ing occurred over the perforation onto the next page

(Figure 3-7).

What records should most logically be printed on an over-
flow page? Your answer is probably all those records that
printed on or over the perforation. It would indeed be nice
if all total records could be printed on the next page when

a detail record was printed on the overflow line (see Figure
3-11).

If the program knew before it printed the first total record
that the overflow line had been reached, forms could be ad-
vanced before the total records were printed. By Specifying
an F in column 16 of the first total specification, you can
tell the program to check to see if the overflow indicator is
on. If it is on at this time, forms will advance before total
records are printed. Specifying an F in column 16 of the
first total specifications will cause all total records to be
printed on an overflow page.

Would an F for the first total line take care of all situations?
Suppose that overflow did not occur until the first total rec-
ord was printed. The remaining total lines, having no fetch
overflow specification in column 16, would not cause the
program to check to see if the overflow indicator was on.
Thus, they would be printed on the same page {Figure 3-12).
Counting the spaces, this would mean the last print line
would be eight lines beyond 58 (the overflow line) or on
line 66.

If this is feasible for your report, you could allow printing
on line 66. If not, you could have the overflow indicator
checked at the second total line. In this case, if the first
total line caused the overflow indicator to turn on, the sec-
ond total line would fetch the overflow routine. Thus, the
last total records would be printed on the overflow page.

How:-can you determine on which line to place the F that
will fetch the overflow routine (provided the overflow in-
dicator is on)? You should study all possible overflow
situations. By counting spaces and lines, you can calculate
what would happen if overflow occurred on each detail and
total line. This is essentially the method used in the previous
discussion.
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Figure 3-11. Printing Total Records on the Overflow Page
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Figure 3-12. Printing on the Last Line on the Page
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ALIGNING FORMS

Regardless of the type of printing forms you are using, it is
always necessary to have the forms aligned so that printing
is done on the correct line. If printing occurs above or be-
low the line, your report looks messy and is hard to read.

How can you be sure the first line will be printed in the
correct position? You can align the forms in the position
you feel is correct. But you can never be sure until you try.
To try the alignment, the program must be executed; a
record must be printed. Suppose the forms are incorrectly
aligned, and as a result, the first printing line is incorrectly
positioned. In this case, you can stop the computer and
realign the forms so that, hopefully, the second line will be
correct. This can go on for several tries, however. In the
meantime, the first few records printed on-the report will
have been incorrectly aligned.

RPG 11 has the facility to print the first line repeatedly until
forms are aligned properly. This eliminates printing the
first several lines of a report before correct forms alignment
is attained. The use of this facility requires two specifica-
tions:

1. An output line conditioned by the 1P indicator.
2. The entry of 1 in column 41 of the control card.

When these specifications are made, the first line condi-
tioned by the 1P indicator is printed. All processing then
stops. The operator has time to reposition the forms if
necessary. When this is done, the operator has the option
of having the 1P line printed again or of continuing process-
ing. This he indicates by specific settings of the console
switches on the processing unit. (See halt 1P in the /BM
System/3 Models 8 and 10 Halt Guide, GC21-7540 for a
complete description of the alignment process.)

All space and skip entries specified for the 1P line are per-
formed when forms are being aligned. This should be con-
sidered in planning for forms alignment.

if spooling printed output on the Model 15, the 1P forms
alignment option will be ignored and the user can request
alignment by means of the OCL PRINTER statement.

EDITING

Formatting a printed report is one way of making the re-
port easy to read and understand. Formatting, however,
concerns only the spacing and arrangement of data on the
printed page. It does not concern the data itself. Data
must also be readable before the report can be understood.
Editing makes a field readable. ‘

3-12

When fields are printed out according to basic specifications
they appear exactly as they are inside the computer. This is
shown by the following examples:

Type of Field Field Before Printing  Field After Printing

Alphameric JOHN T SMITH JOHN T SMITH

Numeric 004765K 004765K

The alphameric field, when printed, is easy to read and
understand, but the numeric field is confusing. How should
it be read? What does the K mean? K is actually a com-
bination of a digit and the sign of the field. But in this
form, the reader would have to guess what it says (see
Character Structure in Working With Data Structure for
more information).

Editing is the means by which data is made more readable
and understandable. Editing a field means punctuating it
by removing the sign of the field from the rightmost digit
and placing it at the end of the field, adding commas, dec-
imal points, minus signs, dollar signs, or any other constant
information. ‘

Only numeric fields need to be edited before they are
printed. Notice the difference between the following
edited and unedited data taken from the same numeric
amount field:

004765K
$476.52CR

unedited data
edited data

The edited amount field is certainly much more precise
and understandable than the unedited field.

Methods of Editing

A field can be edited by two methods: (1) edit codes and
(2) edit words. Several different codes are available. Each
code edits in a slightly different way according to a pre-
defined pattern. All, however, remove the sign of the field
so that the rightmost digit will always print as a number.
(See Character Structure in Working With Data Structure
for more information.) The Y edit code is used for date
fields only.

Figure 3-13 shows the edit pattern for all codes. Choose
the code which will edit a field the way you want it to
appear and enter this code in column 38 of the Output-
Format sheet.



Sign For Negative Balance Print Out On Zero Balance *
Edit Decimal Domestic and Zero
Code Commas Point No Sign | CR | — (Minus) | United Kingdom | World Trade/ | World Trade J Suppress
1 Yes Yes No Sign .00or0 000r0 0,000r0 Yes
2 Yes Yes No Sign Blanks Blanks Blanks Yes
3 Yes No Sign .00or0 ,000r0 0,00 0r 0 Yes
4 Yes No Sign Blanks Blanks Blanks Yes
A Yes Yes CR .00or 0 ,000r0 0,000r0 Yes
B Yes Yes CR Blanks Blanks Blanks Yes
Cc Yes CR .00or0 000r0 0,00 0r0 Yes
D Yes CR Blanks Blanks Blanks Yes
J Yes Yes - 00or0 ,000r0 0,00 0r O Yes
K Yes Yes - Blanks Blanks Blanks Yes
L Yes - 00or0 ,00 or.0 0,000r0 Yes
™M Yes - Blanks Blanks Blanks Yes
X * *
Y * % * Yes
Z Yes
*  Zero balances for the World Trade format are written in two ways, depending on the entry made in column 21 of the control card
specifications.
**  The X code performs no editing.
***  The Y code is used for date fields. |t suppresses the leftmost zero only. The Y code edits a three to six digit field according
to the following pattern:
nn/n
nn/nn
nn/nn/n
nn/nn/nn
If a data field of six digits is packed on disk and the Y edit code is used with the data field, an error will occur. To solve this
problem, move the data field to another field.

Figure 3-13. Edit Codes

Controlling Printer Output
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For example, if you wish a field called AMOUNT which
has two decimal positions to be zero suppressed and punc-
tuated with decimal points and commas (when needed) but
with no sign, you choose the code that will do this. The
chart in Figure 3-13 shows that two codes will accomplish
this—1 and 2. If you wish a zero balance to print, you
would choose the code 1. If you wanted blanks to print
when the field is zero, you would use the 2 code.

Using edit codes is a convenient way of editing. However,
the codes by themselves can’t do everything you might
want to do.

Punctuating With a Dollar Sign

Suppose you wanted a dollar sign to be printed on the re-
port for the AMOUNT field. An edit code won’t put the

dollar sign there. You will have to specify this in addition
to the edit code you are using.

According to the printer spacing chart (Figure 3-14), the
AMOUNT field is six characters long. 1t begins in column
70 and ends in column 75. However, the minus sign
would extend the amount field to column 76, as shown

in Figure 3-15 and Figure 3-16. The dollar sign, if printed,
should be in column 69. Line 11 in Figure 3-15 shows the
specification for editing the AMOUNT field by the edit
code J. This code is used so that negative values will print

with a minus sign (-) following the field. The dollar sign can

be specified as a constant ending in column 69 and must be
specified in line 12, the line following the edit code.

Depending upon its contents, the AMOUNT field, when
printed out, could look like any of the following (where
N is any number):

SNNN.NN
$ NN.NN
$ N.NN
$ NN

The blanks between the first digit and the dollar sign are
the result of zero suppression. The dollar sign remains in
position 69; this is known as a fixed dollar sign.

Often, it is desirable, as in writing checks, to eliminate these
empty spaces. There are two ways of doing this: (1) mov-

ing the dollar sign so that it is always next to the first digit;

and (2) filling the spaces with asterisks.

Instead of having blanks between the dollar sign and the
first digit, you can cause the dollar sign to print next to
the first digit. In this case, the amount field would look
like one of the following:

SNNN.NN
SNN.NN
SN.NN
$.NN

A dollar sign that changes positions is known as a floating
dollar sign. It is specified by placing the entry ‘$’ in col-
umns 45-47 on the same specification line as the edit code
(see Figure 3-16). Remember that the fixed dollar sign was
specified by placing $ in columns 45-47 of the line fol/low-
ing the edit code (Figure 3-15).

T
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TERS PER INCH, 6 LINES PER VERTICAL INCH) DATE
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Figure 3-14. Printer Spacing Chaljt/(.Editing)
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; RPG OUTPUT SPECIFICATIONS GX21-9090:: UM/050*
Printed in U.S.A.
IBM International Business Machines Corporation
12 75 76 77 78 79 80
- Program Punching Graphic Card Electro Number Program L
Iy Pagel:Dol finath
Programmer l Date Instruction Punch —_
]
o _ f; Space|  Skip Output Indicators Commas | 2ero Balances [ oo | e 1z [x = Remove
[} € Field Name to Print - Plus Sign
E i n iel ami Yes Yes 1 A {J |Y = Date )
) HEE® ‘ Yes No 2 B | K Field Edit
Line Filename S5(E < End No Yes 3 C L [Z= 2o
§ Rlal< And And | Position No No 4 DIM Suppress
g Flolelc] o | 812 in < -
'E Alo[pl €1 2 |5 5 5 8|S Outeut |3 Constant or Edit Word
5 ofR Bl I z z *AUTO £12| Record (2
- A|N|D wie * 1.2 3 45 6 7 8 9 101112131415 16 17 1819 20 21 22 23 24 *
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I NP The fixed dollar sign is specified
e -l by placing ‘$’ in columns 45-47 of
L H the line following the edit code.

Figure 3-15. Fixed Dollar Sign

RPG OUTPUT SPECIFICATIONS s oso

IBM Busmes acnine
12 75 76 77 78 79 8O

Program Punching Graphic Card Electro Number ; ) program
Instruction age o' tdentification

Programmer Date Punch

The floating dollar sign is specified
by placing ‘$’ in columns 45-47
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Figure 3-16. Floating Dollar Sign
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Punctuating With Asterisks

To indicate that asterisks should fill the spaces caused by
suppression of leading zeros, place the entry **’ in columns
45-47 of the same specification line as the edit code. Ifa
dollar sign is to appear before the asterisk, it must be speci-
fied on the next line. With the specifications shown in Fig-
ure 3-17, the AMOUNT field, depending upon its contents,
could look like any of the following:

SNNN.NN

$*NN.NN

$* *N.NN

$* * ¥ .NN

Refer to the /BM System/3 RPG |/ Reference Manual,
SC21-7504 for a more detailed explanation and further
considerations.

Punctuating With Dashes

What code would you use for the following job? A report
listing-all employee names, addresses, telephone numbers,
and social security numbers, is desired. A file is kept on all
employees. Each record includes one employee name, ad-
dress, telephone number, and social security number among
other things.

The telephone number and social security number are
entered in the record as one continuous number with no
dashes. Remember that fields will print out exactly as they
are recorded. Thus the telephone number will appear as
2820804. This is rather hard to read. 282-0804 is much
better. How will you get the dash to appear?

A dash is a type of punctuation. So some type of editing
must be done. Can you find a code that will edit this way?
No, there is none available.

For this case, you will have to set up your own editing pat-
tern. An edit word gives a pattern for punctuation. For the
phone number you need three digits, a dash, and then four
digits. You specify the edit word in columns 45-70 of the
Output-Format sheet. The word, like any constant, must
be enclosed in quotes. Figure 3-18, line 04, shows how the
telephone number field is edited: three blanks, a dash, and
four blanks.

Unless the social security field is also edited, it will print
out in one long string of numbers, such as 472446357.
Form the edit word to make the social security number
read: 472-44-6357. It should look like the edit word
shown in Figure 3-19, line 05. Notice that a leading 0
(zero) is included in the edit word in addition to the num-
ber of places required for the data. This prevents zero sup-
pression when the SOCSEC field is edited.

IBM international Business Machine Corporation

RPG OUTPUT SPECIFICATIONS

GX21-9090  U/M 050*
Printed in US.A.

Program Graphic

Punching

Card Electro Number 12 75 76 77 78 79 80

Instruction

Programmer Date Punch

N . Program
e ®__ Identification

T [Space Skip Qutput Indicators Zero Balances N ~ -
& ;5 ) Commas o Print No Sign | CR X ;‘:‘Tg\{:n
»E— &n Field Name Yo Yos 1 A lJ |V = Date
T[F gl s Yes No 2 B | K Field Edit
Line Filename slelele End No Yes 3 c | L |Z= Zero
N &lglaf= And _ And | Positon No No 4 D |m Suppress
& i e | g 3
e alo[p|l 2| 2 {5 3 5 gl ouput |5 Constant or Edit Word
5 o[r el <= 2 2 *AUTO 2| Record |8
- AN “ ¢
3 4 56|77 8 9 1011 12 13[14]15|16]17|18|19 20|21 22|23{24| 25|26 |27{28|29|30(31|32 33 34 35 36 37 39 140 41 42 434445 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 63 70§71 72 73 74
o'l [oPRIEINTIER] H| | [2i84 oV
o2} |o 0 P
bl I bR| ' WEE KILIY| SAILIEIS| REPORIT!’
0fa (e} Ov
o|s| |o 0 Pi
ols| |o 33 !
°lrl 1o 511 SIMAN|‘
o8| |O 75 T /
ol°f o 814 Al
1]e| |o )
Tl o MouINir To fill empty spaces caused by zero
- suppression with asterisks, place ‘*’
12| |o L9l . .
Tl in columns 45-47 of the same line
as the edit code.
14 o
=TT

Figure 3-17. Punctuating with Asterisks
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Figure 3-18. Edit Word for Telephone Number
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Figure 3-19. Edit Word for Social Security Number

Controlling Printer OQutput  3-17



Page of GC21-7567-2
Issued 21 December 1979
By TNL: GN21-5709

Punctuating by Leaving Blanks RPG  OUTPUT  SPECIFICATIONS

A company has rather long account numbers. To make nching | Grephic Card Etectro Number Pwm ,
them easier to read and handle, blanks are left after every feton | Punch -
third digit when the number is printed.

ndicators Zero Balances 3
Commas 10 Print No Sign | CR

Field Name

Yes Yes

Is there a code that will insert blanks? No, again you have e ve
to specify your own edit word. In an edit word, blanks in- Ad “le| Poihon N My
dicate where the digits go and ampersands indicate where '
blanks will go. The account field consists of ten digits.
The edit word shown in Figure 3-20, insert A, will put aEite =
blanks after every three digits. _®
|11
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CICIONT ' 4 g gl |

Punctuating by Adding Constant Information , _ TGHT] - 617 | ¢iLIBlslElE] | e !

For shipping purposes, the catalog department of a depart- @_M LIGHT] b7 ' | @ seigl | gpz
ment store must know the weight of every item it sells. | It

The weight in pounds and ounces is recorded in a 6-digit
field. The last two digits are ounces, the first four digits
are pounds. When printed out on a report, the constants
LBS and OZ must be inserted. Otherwise, the data would
not be understandable. Again to do this, an edit word is
needed because no edit code will insert LBS and OZ.

Figure 3-20. Edit Words

The printed field is shown on the printer spacing chart in
Figure 3-21. One space is needed between the digit and
LBS and between the digit and OZ. Two spaces separate
pounds from ounces. Remember in the edit word, blanks
are specified for digits, ampersands are specified for blanks;
and constant information is inserted where desired. The
edit word should be as long as the field shown on the printer
spacing chart. Figure 3-20, insert B, shows the correct edit
pattern for this field.
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Figure 3-21. Print Chart (Weight Field)
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Edit words can do all kinds of editing for you. They can
even be set up to do the same thing as the edit codes. All
you have to do is show where the commas, decimal points,
credit signs, etc. should appear. A zero is used to indicate
where zero suppression stops. For example in Figure 3-20,
insert C, the 0 shows where zero suppression is to end in
the WEIGHT field.

Edit codes are a faster and more convenient way of editing
than edit words. Therefore, edit words are normally used
only when edit codes alone cannot accomplish the job.

Editing and End Position

When specifying end positions for fields which are to be
edited, either by edit words or edit codes, be sure to allow
enough room for the edited field. If the field to be edited
is six characters long on the input record, do not allow only
six positions for it on the printed report. By the time the .
field is edited, it may contain many more characters than
six. For example, the WEIGHT field which is to be punc-
tuated with the constants LBS and OZ is only a 6-character
field on the input card. But when printed out after editing
it requires 15 spaces. Always specify an end positionon -
the Output-Format sheet (columns 40-43) that takes into
account the length of the edited field.

USING *PLACE TO PRINT DUPLICATE INFORMATION

Using *PLACE, you can tell the RPG Il compiler to print
duplicate information. When you specify *PLACE on the
Output-Format sheet, the fields listed above it will be
printed in a different position on the same line. This elim-
inates much duplicate coding. :

For example, assume that your distribution firm prepares
invoices on their data processing system. The invoice (Fig-
ure 3-22) sent to each customer consists of two parts: one
part the customer keeps, the other he tears off and sends
along with his payment. Many fields are common to both
parts of the invoice. For example, NAME and CUSTNO
(customer number) are printed on the first line of each part.
All fields in the fourth line of the report, except for the
description (DESC) fields, and all fields in the total line are
found in both parts of the invoice. The second part is al-
most a duplicate of the first.

. |
NAME custnO | NAME ' CUSTNO
- |
| ADDR
| CITY
|
|
ITEM . QTY  PRICE = AMT : ITEM DESC QTY PRICE _AMT
NO - : i NO L —— —
| v
|
|
]
|
|
|
ToTAL 19T | TOTAL_TOT __

) Figure 3-22. Invoice Form )
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Figure 3-23 shows the printer spacing chart for the invoice.
What output-format specifications would you write to print
fields twice on the same line? You could define the field
and give the end position for it each time you wanted to
print the field. Figure 3-24 shows the coding necessary
using this method. There is an easier way to do this, how-
ever. This is through the use of *PLACE.
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Figure 3-24. Output-Format Specifications for Invoice (Coding Each Field Twice)
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Specifications for Using *PLACE

*PLACE is a special RPG Il function which can be used to
accomplish duplicate printing with less coding. To the RPG
11 compiler the specification *PLACE means: Duplicate
that part of the line which has been specified and place the
duplicated information in a different position on the same
line. *PLACE means a special function is to be performed.
You should not use this specification as a field name, since
the RPG Il compiler will assume you want the preceding
field duplicated. When using *PLACE you first define, for
each record, all the fields which are to be duplicated. Give
the end position for each field as you normally do. Then
enter the word *PLACE on the line below the fields which
are to be duplicated. Figure 3-25 shows the entries for the
first detail line of the invoice. )

The compiler does not know where to print unless you
specify an end position on the *PLACE entry. In Figure
3-25, the end position given for the *PLACE entry was 86.

The *PLACE specification duplicates not only letters but
also blank spaces. It will duplicate all the characters (in-
cluding blanks) from position 1 to the end position speci-
fied for a field. These duplicated characters are then placed
so that they end in the end position specified for the
*PLACE entry.

When specifying an end position for the *PLACE entry,
you must know exactly where you wish the fields to print.
You must also consider the amount of space needed for
the printingof all characters to be duplicated. Always
specify an end position which allows room for the printing
of duplicated fields.

A *PLACE specification must not be conditioned by indi-
cators in columns 23-31. *PLACE is automatically condi-
tioned by the same indicators that condition the field or
fields to be repeated.

Formation of Print Lines

When System/3 performs printer output, a whole line is
printed at once, regardless of how many fields are in that
line. Before printing, the whole line is moved to an area of
storage exactly as it is to be printed. Data is placed in this
storage area one field at a time.

The sequence in which data enters the storage area depends
on the sequence that field names are specified on the RPG I
Output-Format sheet. The first field recorded on the Output-
Format sheet is entered first, then the second, etc. Each

field is inserted into the storage area according to its end-
position entry on the Output-Format sheet. |f you have
made conflicting entries in your specifications (for example,
one field overlapping another) the last field mentioned is

the one that will print in its entirety.

*PLACE operates in the same way as normal field names.
The operations associated with *PLACE are performed in
the sequence *PLACE is specified on the Qutput-Format
sheet in relation to other output entries.
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Figure 3-25. Output-Format Specifications for First Line of Invoice (Using *PLACE to Print Fields Twice)
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A. Result of
field description
antries

Figure 3-26. Line Formation (First Line of Invoice)

Follow the formation of the first line to be printed on the
invoice. According to the specifications in Figure 3-25,
the NAME field ends in position 25 and CUSTNO in 36.
The first part of the line is completed with these specifica-
tions (Figure 3-26, insert A). Because of the way lines are
formed, the end position for the *PLACE entry must be at
least two times the higher end position specified for a field
that is to be duplicated. This ensures that the last field
mentioned will not overlap the field preceding. In this case

B. Resuit of *PLACE
entry

-Using Different Spacing for Duplicated Fields

The second and third lines of the invoice do not have fields
to be duplicated. However, the fourth line of the invoice
requires that all fields be duplicated. Notice that different
spacing is required for the duplicated fields because a field
called DESC must be inserted between ITEMNO and QTY,

Figure 3-27 shows correction specifications. You want to

start with ITEMNO since it is the first fiend. ITEMNO is
specified as usual; the end position is given. Then *PLACE
is specified with the correct end position, 50 in this case.
These specifications cause the line to look like that in Fig-
ure 3-28, insert A.

the same fields are to be printed again on the second part

of the same line. Since the end position was 36, the sec-

ond part of the same line must end at least in position 72

(two times higher than the end position for the field to be

duplicated). It is decided they are to end in position 86.

The second part of the line is formed by the *PLACE entry
) (Figure 3-26, insert B).
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\‘} Figure 3-27. Specifications for Fourth Line of Invoice
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A. Line after first
*PLACE

B. Line after second
*PLACE

C. Line after speci-
fication of the
DESC field

TOTAL

Figure 3-28. Fourth Printed Line

Now, the remaining three fields are specified and an end
position is given for each. *PLACE is entered after them
to signify that the above three fields should be duplicated.
Remember that when fields are duplicated, all information
from position 1 to the highest end position specified for a
field is used. In this case, positions 1 through 38 are dupli-
cated and placed so that they end in position 95.

QTY, PRICE, and AMOUNT are in positions 1 through 38,
but ITEMNO is also there since it ends in position 10. Thus,
all four fields are duplicated and placed so that they end in
96. Figure 3-28, insert B shows resulting formation of the
line. ITEMNO now appears three times, once in the DESC
field area where it should not be.

- 324

In this example, we can specify the field DESC to end in
position 75. It will overlay the unwanted ITEMNO field
and thus get rid of it. Figure 3-28, insert C shows the line
as it will be printed.

For each job you do using *PLACE, you will have to cal-
culate exactly what happens when lines are formed.

Duplicating Constants

*PLACE can duplicate constants as well as fields. The same
specifications are used for both. Figure 3-29 shows the
specifications for the last line of the invoice. In this case
*PLACE duplicates a field and two constants. As you can
see, using *PLACE eliminates duplicate coding.



\/,

RPG OUTPUT SPECIFICATIONS PisioraPr il

IBM Business Machine
1.2 75 76 77 78 79 80

Program Punching Graphic Card Electro Number . . Program
Programmer Date Instruction Punch age o _ PP

O T{space|-  skip Output Indicators Commas | 2670 Balances | Sign [ CR | - [X = Remove
@als to Print Plus Sign
ule X
N K Field Name Yee Yes 7 Al |Y = Date
afs : .
=] | . Yes No 2 B K Field Edit
Line Filename N EE End No Yes 3 c|L 2= 2ero
HEER And _ And | Positon No No 4 lofwm Suppress
é =la g 5 3 2l in 3
= Alplol £ ] 2 |5 5 8 3|s| output 13 Constant or Edit Word
£ Q) sl |z z z *AUTO 2] Record |3
w wla o
A
3 4 s|l6)7 8 9 10 11 12 13|14|15|16|17|18]19 20{21 22|23[24] 2526 |27(28} 20|30 31 [32 33 34 35 36 37]38 {30 [40 a1 42 43aafas a6 47 48 49 50 61 52 63 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70|71 72 73 74
op VOLCE 2AD5 Rl ]
02
0|3

PN NS ™ N ™

o8

ole T 3 R

1o 3l 'IToTall !
1)1 ITOT Bl | (3

112 Pé

o
<
ol|ojojojojojo|o|(Oo|0|(O|OjO|=

Figure 3-29. Using *PLACE to Duplicate Constants (Last Line of Invoice)
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Printing a Field Several Times on the Same Line

*PLACE can be used to print the same field several times in
the line. All you have to do is enter *PLACE along with an
end position for each time you want the fields duplicated.
If you want the field duplicated twice, you need two

*PLACE entries.

Assume that periodically a store prepares mailing labels for
each customer who has an account with them. They use
the labels when they send out special advertisements. The
mailing label has only name, address, and zip code on it.

Since the label has to be only a few inches wide, the man-
ager found he couid print three labels side by side on his
120-print position printer (Figure 3-30). '

You can see that each field needs to be printed three times
on each line. In the examples discussed so far, *PLACE was
used to duplicate fields only once.

Figure 3-31 shows the specifications for the first line.
NAME needs to be entered three times per line. The orig-
inal field specification prints it one time: the two *PLACE |
entries cause it to be printed two more times.

0. 10 20 30 40 50 60 70 80 90 100 110 120
- .t . v . ¢ .t .+ 5t ., & , 1 | I R |
l NAME { | NAME | i NAME |
L ADDR 1 | ADDR | | ADDR ]
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Figure 3-30. Mailing Labels
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Figure 3-31. Using *PLACE for Producing Mailing Labels
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USING TWO PRINTER OUTPUT FILES IN ONE
PROGRAM

‘Two System/3 printers, the IBM 5203 Printer on the Model
10 Card and Disk systems and the IBM 2222 Printer on the
Model 6 allow you to produce two separate printer output
files on the same printer in a program (Figures 3-32 and
3-33). The forms can be narrower than standard forms and
are often special forms such as checks or invoices.

A minimum of 17 print positions, between
the left carriage tractor and the right
carriage tractor, are not available for printing.

ek e

i suspaco.

RN ANE LT

KRG, YIRSY BAN:

o I i

Figure 3-32. 5203 Printer with the Dual Feed Carriage Feature . I 53958A

Primary tractor

Secondary tractor

l 54019A

Figure 3-33. 2222 Printer with Dual Feed Tractors

\. y
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Model 10 Card System, Model 10 Disk System, and
Model 12

The feature of the 5203 printer that allows you to produce
two separate printer output files is known as the Dual Feed
Carriage Feature. The feature is available on 96, 120, and
132 position printers. One form is controlled by the left
carriage of the printer and the other form is controlled by
the right carriage. There is space between the right and left
carriage tractors that contains no form. When you are print-
ing on two forms you lose at least 17 print positions
because no forms can be placed in this space (see Output-
Format Specifications, later in this section).

Model 6

The 2222 printer on the Model 6 has dual tractor feeding,
a primary tractor and a secondary tractor. All 220 posi-
tions of the printer are available for printing, that is, there
need be no positions lost between the primary tractor and
the secondary tractor.

The tractors that control the right-hand and left-hand forms
on the printer are adjustable. That is, the width of the
forms and the starting and ending print positions for each
form are variable.

‘File Description Specification

To print two output files for one program, each of the two
printer files is considered a separate output file and must-
be described as such. These output files require special
descriptions on the File Description and Output-Format
sheets. : i

File Description Specifications

Model 10 Card System, Model 10 Disk System, and Model
12: Figure 3-34 is a sample File Description sheet for the
Dual Feed Carriage Feature. The two output files to be
printed must be assigned to the device names PRINTER and
PRINTR2 on the File Description sheet (columns 40-46).
PRINTER is the device name for the left carriage of the
printer. The right carriage is assigned the device name
PRINTR2. Record Length entries (columns 24-27) for the
two printer files should be the same. Entries under Block
Length (columns 20-23) must be the same as Record Length
entries. You are responsible for ensuring that output to the
PRINTER device is confined to the left-hand form and out-
put to the PRINTR2 device is confined-to the right-hand
form. You can easily lay out your two reports using the
Printer Spacing Chart.
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File Format Organization o ki Rewind
Line r Additional Area | § Core Index Fie
<] Overflow Indicator|©| Condition
gle s K N ] u1-us
Slef | |5] B Record x|® Key Field |2 Continuation Lines o U
2|9 Q| lLength Length £5 Starting { & S
slal |2l « P P S R ) 3
2E w2 J 2= Location {& K Option Entry 2 &
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Figure 3-34. File Descriptions for Two Printer Files on Model 10 Card System, Model 10 Disk System and Model 12 (5203 Printer)
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Model 6: Figure 3-35 shows the File Description sheet
entries for the dual tractors on the 2222 printer. The two
printer files are assigned device names TRACTR1 and
TRACTR2 on the File Description sheet (columns 40-46).

" TRACTR1 is the primary tractor (left-hand print unit) and

TRACTR2 is the secondary tractor (right-hand print unit).
Under Block Length (columns 20-23) for.each file enter the
beginning print position for that file. Under Record Length
(columns 24-27) enter the ending print position for that
file. Print positions for TRACTR1 and TRACTR2 cannot
overlap.

‘ Output-Format Specifications

Spacing and skipping on the two forms are completely in-
dependent. You can specify different spacing and skipping
for each output file. Spacing and skipping are entered in
columns 17-22 of the Output-Format sheet.

File Description Specification

Page of GC21-7567-2
Issued 24 May 1976
By TNL: GN21-5389

| Model 10 Card System, Model 10 Disk System and Model 12;
Remember, there are 17 print positions you cannot use,
because there is a space between the left and right carriage
tractors which cannot contain a form. This is important
when you are planning where to position your printing on .
each form. The first character to be printed on the form in
the right carriage (PRINTR2) must be at /east 17 positions
away from the last character on the form in the left carriage
(PRINTER). Suppose you decide to use print positions
1 through 80. Because the first character in the right car-
riage must be at least 17 positions away from the last char-
acter in the left carriage, print position 98 is the first avail-
able positfon: .

80 (End position of the form in the left carriage)
+17  (Number of print_ positions you cannot use)

97

Therefore, 98 is the first available position. If the length of
your print line is 35 characters, the last position for the
second form is 132.

TL VL OL 69 B9 L9 99 S9 ¥9 £9 29 1D 09 69 85 LS 95 S5 ¥9 €9 ZS 1S 05 6¥ 8¥ L¥ 9 S¥ ¥P EF Z¥ L OF 6€ B L€ OF

File Type Mode of Processing ﬂ I r File Addition/Unordered
F File Designation Length of Key Field or Extent Exit [ Nocher of Tracks |
End of File ot Record Ad‘:”” :"'d In this example, TRACTR1 has. 132 print |- &vertlow
Record Address Type o of Extents
Filename Sequence ~yoor e . Device positions; the form on the secondary -
File Format Organization o tractor has 88 print positions. Ali 220 ewind
Line r Additional Area -§ . .. . . TFile
e o Jovertiow tndicator| S print positions are used in this case, no Condition
& ] g Block | ecord x|3 Key Field | 2 positions are lost between tractors. vrus |
3 S|o 9 neth | =l Starting | & . —
5 g g w S E . 3 5 S Location |* K Option Entry < =
3 4 51617 8 9 1011 12 13 14115]16]17]118)19]20 21 22 23]24 25 26 27]28]29 30)31]32/33 34|35 36 37 38| 40 41 42 43 44 45 46 |47 48 49 50 51 52 (53|54 65 56 57 58 659 |60 61 62 63 64 65166|67!68 69{70{71 72|73 74
T Ldd 1] EEEEEE B EEBEEEREEE
ol2{ lFirINIPILIT Pl | IE K
o3) IFOUTIPIT IF E] Ci
o4 IFONITIPUIT Fi 2 T T
0[5 F
ole| [F ™
o|7]| [F i
ols| IF \
ofs}| |F
10 F| -
F
F

I
SEVEEE ZE IE OE 6C BZ LZ 9T SZ PLEZ ZZ IZ OZ 6L BL L) 9L SL PLELZL ILOL 6 8 £ 9 9§ # €E Z 1

|
Figure 3-35. File Descriptions for Two Printer Files on Model 6 (2222 Pri

nter)
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REYNOLDS INDUSTRIES, INC.
111 W. SECOND ST.

"CUST. NO.

FINAL TOTALS

$12,263.97

$145.29

$11,118.68

TELEPHONE SAN JOSE, CALIF. 95113
408-286-9100 430975
SOLD TO Se W. KINGS
498 RIVER STREET
SAN JOSE, CALIF. 94067
SHIP TO IMPERIAL DESIGN HOMES
DIVISION OF S. KINGS
8343 BRANCH STREET
SUNNYVALE, CALIF. 95117
ORDER DATE ORDER NO. - SALESMAN SHIP DATE
7/10/70 13826 G. JONES 7/15/70
ITEM : EXTENDED
QTy. NUMBER DESCRIPTION UNIT PRICE - AMOUNT
96 391468 OCTAGON BOX 4 INCH .23 $ 22.08
40 411116 TWINLITE SOCKET B <60 24,00
350 411132 SOCKET ADAPTER BRN .32 112.00
200 411732 SILET SWTCH IVORY 1.20 240,00
175 511117 PULL CORD GOLD 42 - 73.50
TOTAL $471.58
INVOICE REGISTER
7/15/71
INVOICE CUST. EXTENDED DISC. INVOICE
NO. NO. AMOUNT AMOUNT AMOUNT
|| 13826 430975 $ 471.58 §$ $ 471.58
13827 431030 238.96 4,78 234,18
13828 432450 57.70 57.70
13829 434960 208.62 4,17 204.45

Figure 3-36. Sample Invoice and Invoice Register
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Example: End-of-the-Month Billing

Assume that your company invoices its customers using
your data processing system. It is your responsibility to
prepare and print the invoices to be sent to the customers.

-You are also going to keep an invoice register; a record of

every invoice that is sent out. Since you have a dual feed
printer, you will print both the invoice and the invoice
register at the same time. You might name your two out-
put files INVOICE and INVREG.

The format of your output must-be determined. In this
case, INVREG will have the standard length of 66 lines,

while INVOICE will have a nonstandard form length of 50.

Heading information is printed on the top of each report.
INVOICE uses a preprinted form for much of its heading
infarmation. INVOICE has a 63 print position line and
INVREG has a 50 print position line. Figure 3-36, insert
A is a sample invoice and Figure 3-36, insert B is a sample
invoice register.

Since INVOICE has a nonstandard form length, it must be
defined on the Line Counter sheet. You will use line 43 as
the averflow line. Figure 3-37 shows a sample Line Counter

sheet. (Note that since INVREG has a standard form length;
it does not have to be defined on the Line Counter sheet.)

Line Counter Specifications
l. 1 2 3 ' 4 6 7 8 9 10 " 12
3 H
. g P £ H
Line = Filename 3 g s |8 s |5 s 5lzs [ " 5 . .
. 5 |65 3§ 3§ 3 ¥ H o B 5 |z 5 | 5 | 5|3 B
e oD |08| oE (S LB (BE| LE|BE of (BE| LR (R LE|ER| LB|EE| (R|RE| LE|EY| LE|BE| .EE0
5 g5 |5l E5|S5| E5 |=25) &5 (25| E51=25) £5 |25 E5{=25) e5 551 85|25 £5 |=25) &5 (25) &5 (=25
& 32|23 52 |82 52 |62 52|62 32 |62 52 |62 32|62 52 |62) 52|62] 52 |62 52|62 532 |62
3 4 516 789|01|17|3|l|5|5171519202'22'2324252627237930:“3233343538373839wl"2‘344054547(84ﬂ505|5753545556575859606!6263646566575369707‘727374
] eNVIOTIClE! IS AIFIL By o
12| L
L

Figure 3-37. Line Counter Specifications for INVOICE
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You also want to have headings printed on the top of every
page. Because you do these operations only when an over-
flow indicator is on, you have to condition these operations
by the overflow indicator. Figure 3-38 shows the File De-
scription sheets for Mode! 10 (Insert A) and Model 6 (Insert
B). Figure 3-39 shows the Output-Format sheet to print
headings at the top of every page. (Remember that skipping
and spacing on the two carriages are independent.)

Note for Model 10 and Model 12 Users: Recall that the
right form (in this case INVREG) must be at least 17

_positions away from the form in the left carriage. Because

INVOICE will have a 63 print position line, you assign posi-.
tions 1-63 to it. INVREG is a 50 print position line and you
assign it to positions 81 through 130. '

RPG OUTPUT
IBM Busines Machine C
Program Punching ' Graphic
Programmer J Date Instruction Punch
O Cispace| Skip Output Indicators
wls
Elé Field Name
a(s I :
o T <
i lename =1 5le
Line File: t J; $ § And And
2 i .
I Alolo] 21 2 |5 ] 5
5 olr «© < z z z *AUTO
* A[n{D .
3 4 5|l6l7 8 9 1011 12 13)1a)1s]16)17)18}49 2021 22J23)24|25]26]27)28) 20)30 )31 J32 33 34 35 36 3
o' IOMNIVIOTCIE P
ol2| |o OF
03| |0 :
0la| O
°ofs| [OITINVIREIG P
° \"4
ol7t |o
+

Figure 3-39. Heading Specifications for INVOICE and lNVREé

File Description Specification
F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of File of Record Address Field S for DAM for Cylinder Overflow
) ~
- Record Address Type Symbotic || Nemeof Number of Extents
Filename quence Type of File . Device Device 1z Label Exit e
File Format Organization Iy . 5 Rewind
Line or Additional Area | § Core Index e
or Additional Area § g
N - g o | ] Overfiow indicator| 9 Condition
s lock s 2 v1-us
> Sle % l':: " E‘w': ¥|s Key Field |2 Continuation Lines = —
€ 3le s 9 ength 1 o =15 Starting | £ S
2 2L |w 3 w i 2|5 Location [W K Option Entry 3 =
3 a slel7 8 o 1011 121318151617 |s|9£_|2_2_23(_131§_1_25 20 30]31{32)33 3435 36 37 38]30) 40 41 42 43 44 45 4647 48 49 60 51 52 s3] 64 65 56 57 58 59 |60 61 62 63 64 65 ssa'leassmun,nlg
ol2| [FIINIVIOTIC Fl [113[2] |1 F RTINITEIR
FILNIVIRE 0, 3 R
FILINPlUIT E 96| | 19 FcU
FCUS S| MICT | IF 7 TRATIAIT LISIK!
F
F
F
F
File Description Specification
F File Type Mode of Processing File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of File of Record Address Field S for DAM for Cylinder Overflow
Record Address Type Symboli Z| Nameof Number of Extents
. olic || .
. Filename Sequence Type of File o Device D);vice | i Label Exit Tone
File Format Organization | 5 . Rewind
Line r Additional Area |8 Core Index Fiie
% - g o | Overflow Indicator ‘2 Condition
= lock =l . - 2 ul-us
= g s 5 mﬂ' 5::::: X2 Key Field g Continuation Lines 2 —1
13 2191 5] « N Starting | £
i 28wl g 3 2= Location |& K Option . Entry 5 5
3 4 5lei7 8 9 10111213 1al1s}16]17]18]19)20 21 22 23] 24 25 26 2712820 30{31[32|33 34[35 36 37 38]30]40 41 42 43 44 a5 46[47 48 49 50 51 52 53] 64 65 56 57 68 69 |60 61 62 63 64 65]es]e7/68 69)70]71 72[73 74
T P B TR T TR T R T TT T T
o3| |FIENIVIRIEIG [N \/ T R
FICNIPILT PIE| IF| | Q& | QI DI ISIK
]
FLUS S| | UIC 7] LULI7IRZA7 DILSIK il
F
F
3

Figure 3-38. File Description Sheet for End-of-Month Billing

-332




Review 3

Overflow and Fetch Overflow

1. When you are not using overflow indicators or line counter specifications, but are
allowing RPG Il to handle overflow automatically, how many lines are assumed per
page? What is the first line printed? What is the overflow line?

2. Code the line counter specifications which are necessary to define a form of 50 lines
with the overflow line 8 lines from the bottom. What entries must also be made on
the File Description sheet? '

3.  When is the overflow indicator turned on and when is it tested?
4. Describe a situation where printing can occur below the overflow line.
5. How does the fetch overflow specification alter the normal program cycle?

6. Given the following information, supply the Fetch specifications, for the output
shown in Figure 3-40, which will prevent printing records on or over the perforation.

@ Number or printing lines per page is 66. The overflow line is 58.

© There are seven total lines in all. Since all are conditioned by the same control
level indicator, they will all print when a level 1 control break occurs.

Overflow should be forced if the overflow line is printed prior to beginning total

> . : output.

® Total lines 1, 2, and 3, must print on the same page. Total lines 4 through 7
must print on the same page.
RPG OUTPUT SPECIFICATIONS OX219000 M 050"
IBM International Business Machine Corporation
Program . Punching Graphic Card Electro Number 12 Program 75 76.77 78 79. 80
Programmer J Date Instruction Punch Page []] °‘__ ificati
O C|Space|  Skip Output Indicators Zero Bal. N -
i bt | NoSin | GR | - | X = femove
E ; Field Name Yes Yes 1 A4 |Y=Dat
. SIS l r Yes No 2 B | K Field Edit
Line Filename MR End No Yes 3 c L [zZ=2zero
® § gla|< And And =| Positon No No 4 DM Suppress
S i K 2 - é 2 in @
't Alo[of £ 12 |3 3 5 8|5| outenr |3 Constant or Edit Word
5 o[R @l < |z z = *AUTO 12| Recora |@
< AlIN w fod o
3 4 s|6|7 8 9 101112 13j1ahise|17]18}19 20)21 22|23|24|25]26 |27[28]29{30{31 |32 33 34 35 36 37{38 40 41 42 43]44]45 46 47 48 49 50 51 52 53 64 65 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70{7t 72 73 74
|
o1 |OPRITNTIER] T) 13 LIl
02| fo TOTIAL
°l3) 10 Tl 2] L
oot TOTIAIL (2! 8
ols| lo T‘ L .
ofs| lo oT 8
017 [o] L :
ols| |o t
TIOT|AlL Y
ofe[ Jo I N
‘0] 10 TOTAILS !
LRE] o T [
2] Jo TOTAlL L
™ 113 o T |
_) e e OT. R

,. Figure 3-40. Total Specifications (Question 6)
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Forms Alignment
7. Why is accurate forms alignmentt important?

8.  What entries must be made in the RPG |l specification sheets to repeat printing the
first heading line of a report until the forms have been correctly aligned?

Editing

9. Choose the correct edit codes for the following punctuation.
a. 1,342,650.00CR (for zero balance, print .00)

. 1,246,900~ (for zero balance, leave the field blank)

1694824.25— (for zero balance, leave the field blank)

. 12/13/71

ao o

10. Construct an edit word for a 12-digit account number so that it will print out With
the format XXX XXX XXX XX-X.

11. On the Output-Format sheet, specify the edit code and any other entries necessary
to print out a dollar amount with the format $**1,234.56CR. The field must end in
position 50. If the tield is zero, print 00.



*PLACE
12, What is the function of *PLACE?

13. In the example shown, is *PLACE used correctly? |f not, why not?

N

\_J

RPG  OUTPUT  SPECIFICATIONS o US A
IBM International Business Machine Corporation .
) . N 1 2 75 76 77 78 79 80
Program Punching Graphic : Card Electro Number . . . Program
Programmer ITJate Instruction Punch, age O Identification
0, ~ %-spm Skip Output Indicators Zero Batances | Son ] CR | - | X = Remove
o k] Field Name %o Print i Plus Sign
5lE € Yes Yes 1 ] A4 |Y=Date
HMNEN r Yes No 2 B | K Field Edit
Line Filename HMEIE . = End No Yes 3 c|L [Z= Zero
§ gla|< And And x| Positon No No 4 DM Suppress
§ gk $ . é 2 i x| . .
= Alpjol €1 2 |3 5 5 Slg| outewr |3 Constant or Edit Word
5 o[R @< )= 2 z *AUTO %£|2| Recora |@
2 515 &
AN
3 4 5)16)7 8 9 1011 12 13}1al15]16]17]18]19 20§21 2‘23 24125026 127|28|29)30{31 |32 33 34 35 36 37 38& 40 41 42 43744145 46 47 48 49 50 51 5_2_‘2_5_4__55_55 57 58 59 GO__SL‘Sz 63 €4 65 66 67 68 69 7071 72 73 74
o1 IOPRITNIT D 3
ol2] Jo AME 6
ofs| o CCr 7
ojal lo E
f C

14. Write the output specifications to print two mailing labels in a row using *PLACE.
The first label ends in print position 25, the second in 60. Each mailing label will
have three lines and look like this:

NAME (25 characters)
ADDR1 (25)
ADDR2 (18) ZIPCODE (5}

Dual Printer Qutput Files

15. What does the use of the dual feed printer allow you to do?

16. What limitations exist when designing forms for use with the Dual Feed Carriage
Feature on the 5203 printer?

17. How do you distinguish between the two feeds on the RPG Il specification sheets?
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Answers To Review 3

1. Sixty-six lines are assumed per page. First line printed is 06 and the overflow line-

is 60. p .
File Description Specification
F File Type Mode of Processing . File Addition/Unordered
File Designation Length of Key Field or = Extent Exit Number of Tracks
End of File of Record Address Field i for DAM for Cylinder Overflow
n i . y
. 2l Name of : )
Filenam Sequence Record Addre}s: Type . Symbolic é Nameof Number of Extents
ilename Type of File - | Device Device 3 . Tape
File Format Organization o 5 . Rewind
Line or Additional Area | & Core Index e
3 - .
Q a Overflow Indicator| @ Condition
& Sl S| Biock S ] u1-u8
> oS € 2 L Record S Key Field | @ Continuation Lines . R ey
S|s @[ Length Length = : H
£ sla ol a Starting |5 - T =)
4 2|& |wiR]|E = Location |¥ 3 Option . : Entry 2
3 4 5lel7 8 o 10111213 1a]15]16]17]18]19)20 21 22 23| 24 25 26 27 35 36 37 38|39| 40 41 42 43 44 45 46 [47 48 49 50 51 52 }s3] 54 65 56 57 88 59 |60 61 82 63 64 65[66]67 71 72/73 74
2| |FlPRIziNT] | | | ‘ |
o2 PRI o | R ] l l
T S 1 1 et L S e e LA I e e e e B t—t—t—t—+ —t—t—t—t et +
Line Counter Specifications
L 1 2 3 4 ) 6 7 : 8 9 10 " 12
5
tne |8 Fil i 5
ine | & ilename 5 2 :
- 5 |5 g |05 5 T 5 |T % E |38 ER 5§ (38 § |5 % & 1 5 |3 5|2 Ty
; RS LR nl SR RE LE\EE S |RE LEIRE) LR RY] LR |RE| LEIRY LELRE LEIRE|LE NS
5 £ 3 El €3 (25| s3 |23 s5 23] €3 123 £33 (B3] €3 |23 €3 1283% €3 123 =53 |1231 €31851 3 |23
w 3z ‘:lz Jz |loz| sz |gzZz| 3z |g2| 42 |o2y 42 |z J4zZz joz) 3z joz az 62 32162} 32 gz a2 |oz
3 4 sl |7 8 9 1011 1213 14|15 16 17)18 19|20 21 22|23 24]25 26 27}28 29|30 31 32)a3 3a}35 36 3738 30[40 41 42]|43 44|45 46 47)48 a9fs0 51 ggjs:si 55 56 57|58 59|60 61°62|63 64[65 66 67|68 6970 71 72|73 74
1] ILiPIR oY 42
112 L
L

Form length is 50 lines and overflow line is 42. Any overfiow indicator 0A-OG or
OV must be entered in columns 33-34 of the File Description sheet. . L must be
entered in column 39 to indicate that Line Counter specifications are used. * -

3. If the printer has printed on the-overflow line either during total or detail output,
the overflow indicator specified in the File Description sheet is turned on. The over-
flow indicator is tested and overflow output performed only after total output.

4, a. When more than one detail or total line is printed during one cycle and a line
other than the last total line is printed on the overflow line.
b. When the last detail line for a control group prints on the overflow line, the total
lines for that group will print below the overflow line.

5. The overflow indicator is tested prior to printing each line specified with fetch over-
. flow rather than waiting until all total output has occurred. If the indicator is on
- when tested, overflow output is performed immediately and then the line specified
is printed. '
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6. F in column 16 of lines 1 and 7 of Figure 3-40. F in column 16 of line 1 causes
forms to advance if the overflow indicator is on, assuring that total 1 will not print
below the overflow line and total 3 will not fall over the perforation. Since totals 4
through 7 must all print on the same page and will not all fit below the overflow line,
enter F in the specifications for total 4 to cause a skip to the next page if the over-
flow indicator is on. Since totals 5-7 must print on the same page as total 4, no fetch
specification should be entered for them.

7. Forms must be aligned accurately so that printing is correctly positioned on each
page and so that printing occurs exactly where you want it, not above or below.

8. .Thei'e‘ must be at least one line on the output sheets conditioned by the 1P indicator.
A ‘1’ must be entered in column 41 of the control card.

© .
aooe
<Z2R>P

10. Blank spacés show where digits are to be placed and &'s show where blanks go. The
entire word must be enclosed in quotes.

RPG OUTPUT SPECIFICATIONS pdmusa
IBM Business Machine i
Progeam Punching - | Grephic . Card Electro Number . ‘Dﬁ progam 75 76 77 78 78 80
Programmer . JD;(- ’ Instruction Punch e o'—— ificati
o . —l—~ Sfspace|  Skip Output Indicators p > [ cormas | 270 B3snces [y gin Tcm [ - [ = Remove
Line Filename z ; S § :::r End ;:s v:, § g f Z = Zero
E . g § d(< . And And g :‘o:i(on No No 4 DM Suppress
e Alo[5] 2 { £ (5 3 5 g é outpt |5 Constant or Edit Word
5 o|r el |z z . *AUTO £]2] Record |&
w AIN[D _k_ W & ’
3 4 5l6]7 8 9 101112 13]1afrsrs]17]18)19 20021 22]a3|24|25)26 |27)28) 2930 |31 Ja2 33 34 36 36 3738} Jao 41 42 4a]eaas 46 47 48 49 50 51 52 63 54 55 56 67 58 59 60 61 62 63 64 65 68 67 68 69 70|7) 7273 14
T Jo » TLLLIT] EEEERE
°f2| fo ' CicT Al -
0j3} |0
o4} |O
05 0
ols| [o
el7! o
0i8 (o]
ofs] fo
110} JO
11 o
1]2} |0
1|3} |o
114} |O
1{s} |0
1|s] |o
1|7] |o
1]8| |o
1)9] |o
2{o{ (O
o]
o]
[+]
0
o[ 11
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11. The A edit code will zero suppress and insert commas, decimal points, and the:credit
sign CR. The asterisk entered in columns 45-47 will cause all places zero suppressed to
be filled with asterisks. The dollar sign must be specified on the line following the
edit code. When printed in position 38, it will come right before the asterisks.

RPG OUTPUT SPECIFICATIONS ’ o Sansosg M osor

IBM International Business Machine Corporation
- 1.2 75 76 77 78 79 80
Program Punching Graphic : Card Electro Number . . Program
Programmer Date Instruction | p, 0o age O Identification
O o £ Space|  Skip Output Indicators Commas Zer‘oo ?’arlif‘:us NoSign | R | - | X = :emg"
SE . . lus Sign
E & Fuelq Name ¢ Yo Yes 1 A |4 |Y = Dae
AN Yes No 2 B [ K Field Edit
Line Filename HEEE and A End No Yes 3 C|L |Z= Zeo
HEEE n | Positon No No 4 D |m Suppress
§ =la e 5 [ g2l in 3
. alojo] £ 12 |s 5 8 S|o| Output |3 Constant or Edit Word
5 olr ef <= z z *AUTO £|=] Recora (@
w W |@ o
Alnto
345S7B9|D|||213|4l5|6|718|9202I23L11241526uasn.‘!():"313334353631353940414243«454647484950.'“5253545555575859506‘6263646566675859707'727374
0|1 o
of2| |o Ti 5 V!
ola| |o gl I 8!’
ofa| lo B .
alel la

12. The function of *PLACE is to easily code the printing of duplicate information on
the same output line. *PLACE places information from print bosition 1, through
the hnghest end position previously defined for a field into the prlnt posmons indi-
cated by the end position in the *PLACE entry. »

13. Itis not correct. The end positon in the *PLACE specification is not high enough.
The duplicated information will overlay the field called ACCTNO. The end position
on the *PLACE line should be at least twice the highest end posmon prevnously
specified for that record.

14. Two labels must be printed. Theréfore fér each line you must specify the original
field and a *PLACE entry, Wthh wull cause the contents of the onglnal field to be
duplicated.

L
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GX21-9090 U/M 050*
RPG OUTPUT SPECIFICATIONS LS.
IBM International Business Machine Corporation
- 12 75 7677 78 79 80
Program Punching Graphic Card Electro Number . [j:l , Program
Programmer LDate Instruction Punch o ° — ificati
O _|z Space|  Skip Output Indicators Commas | 2ero Batances [ o g [ ep | . | x .= Remove
wls Field N 1o Print Plus Sign
g m
NE eld Name Yes Yes 1 [ a[s]Y=oDae
R Slsl gl . Yes No 2 B | K Field Edit
Line Filename HMEIRE a End No Yes 3 clL (2= Zero
HEER nd  And | Positon No No 4 1pim Suppress
§ =12 i< é 2 i @
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15.

16.

,

The dual feed carriage allows the printing of two independent reports simultaneously.

A minimum of seventeen print positions must be left blank between the two output

forms.

Model 10 Card System, Model 10 Disk System, and Model 12: The only difference
is that the device name on the File Description sheet for the left carriage is PRINTER
. and for the right carriage is PRINTR2.

Model 6: The only difference is that the device name on thé_ File Description sheet
for the left tractor is TRACTR1 and for the right tractor is TRACTR2.

Answers To Review 3

3-39
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Chapter 4. Card Output Operations

- CHAPTER 4 DESCRIBES:
Puncned output.
Printing on cards.
Using one file for both input and output.
Selecting the étacker for output‘ cards.

Merging input and output file cards.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:
Usihg the printer to produce a simple listing.
Using control fields.

RPG 1l object program cycle for detail and total operations.

-

AFTER READING TH!S CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:

.

.Coding for punching a combined or output card file; summary punching.
Formatted printing and unformattéd printing (*PRINT) on cards.

Uses and coding for combined files.
-Stacker selecting input, combined, and output card files.

Coding for merging input and output card files.

Note: You can use the review questions contained in Review 4 at the end of this
chapter to test your comprehension of each topic in the chapter. Questions are

grouped according to the topic to which they apply. Answers follow the review
questions. ‘

Card Output Operations
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INTRODUCTION

Thus far, in this manual, the program output usually has
been a printed form or report. Punched cards generally
have been used as a source of input data. However, cards
can be used for output as well as input. This chapter des-
cribes RPG |l coding for output operations using the IBM
65424 MFCU, available on the System/3 Models 10 and 15,
and the IBM 2560 MFCM, available on the System/3 Model
15 only.

You might want to have card output for many reasons.
Perhaps you want to generate a new file or change an input
file in some way, such as by reformatting the records, add-
ing data, deleting data, adding new records, or deleting un-
wanted records. The output you choose might be data
punched on the cards, printed on the cards, or both. In-
formation can be printed on cards for identification, inter-
pretation of the punched data, or any other purpose you
desire. You can punch and print data on blank cards or on
cards that already contain data. You can also direct cards
to a specific stacker or more output file cards with cards
from an input file,

PUNCHING AND PRINTING ON CARDS

Punching and printing on individual output cards are con-
trolled separately. Punched cards need not be printed; -
printed cards need not be punched.

Punched Output
Punched output can be used to:

® Create a file of cards that is different from the input card
file

@ Add new records to a card file
® Add fields to input records
@ Punch a summary card from a group of input cards

RPG I coding for punched output is similar to coding for
printér output, Either the primary hopper (device name
MFCU1 or MECM]) or the secondary hopper (device name
MFCU2 or MFCM2) can be used as the output device; the
other hopper is used as the input device. In some cases,
punching can be done on the input cards themselves (see
Using One File for Both Input and Output, in this chapter).
Remember, however, if only one MFCU hopper is used, it

| must be MFCU1 (Model 10 Card System only).

On the Output-Format sheet, you caﬁ specify heading, de-

tail, and total output, just as you can with a printer file. In .

some cases, you may want to punch only total records by
summing the data on several input records and punching a
separate card for the total. This is known as summary -
punching. Do not specify an edit code for punched output
unless you want to have punctuation punched into the out-
put cards. ' '

Prfnfing On Cards

It is advantageous to print the same information on the
card as was punched on the card. This way you can easily
interpret what information is recorded on the card. Also,
printing information on the card makes it easier to recreate
a card that is damaged to the extent that it cannot be read
by the MFCU or MFCM, or duplicated by the data recorder.

Although you.may print the same information on the card

- that is punched on the card, it is not always'necessary to

do so. You may print entirely different fields from those
that are punched.

The 96-column card has space at the top for four lines of
printing (Figure 4-1), Each line can contain 32 prihted,
characters, for a total of 128 print positions.

The 80-column card can be printed only on the MFCM
Model A1 with the optional print feature. Up to six print
lines can be used. Each line can contain up to 64 printed
characters, for a total of 384 print positions.

The MFCM print heads can be set to print in 25 different
print line positions, from above the 12-punch position to
below the 9-punch positions (Figure 4-2). The print heads,
numbered 1 through 6, must remain in sequence from top
to bottom, with print head 1 at the top. Therefore, with
six print heads installed, print head 1 cannot be set below
line 20 and print head 6 cannot be set above line 6. Inter-
mediate line positions are located on and between each row
of punch positions. Print-position 5 (between the 11-row
and 0-row) should be avoided, if possible, because the feed
wheel may cause some smudging of characters printed in
that position. In punched fields, printing in even-numbered
line positions should be avoided because punching may
obliterate some characters. :

i
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Formatted Printing (MFCU)

Using formatted printing, you may print a field or constant
in any of the 128 print positions available on a 96-column
card. The first three lines are the lines usually printed. The
fourth is printed only if necessary because printing on the
fourth line increases considerably the amount of time needed
to print, and thus increases the time needed to do the job.

Printing lines —-I
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Figure 41. Printing Lines on a 96-Column Punch Card
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® Figure 4-2. Printing Lines on an 80-Column Punch Card
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For each field or constant you wish printed by thé MFCU,

you must make the following specifications on the
Output-Format sheet:

1. If a field is to be printed, enter the field name in col-

umns 32-37.
2.  Enter * in column 40 to indicate that the field is to

be printed not punched.

3. Enter any end position from 001 to 128 in columns
41-43,.
4. If a constant is to be printed, enter the constant in

columns 45-70.

For example, to print the fields on the card shown in Fig-
ure 4-3, the specifications in Figure 4-4 lines 06-10 are

necessary. You indicate punching of these fields by speci-

fying an end position witheut the asterisk (see Figure 4-4,

lines 02-05). If you-intend to punch fields and print fields,

you need twao specifications per field. If you have seven

fields To be both punched and printed, you need 14 specifi-

cations.

Because printing and punching are two separate functions,

it is possible to print a field without punching it and punch

JANICE T SWENSON
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Figure 4-3. Formatted Printing on a 96-Column Card

a field without printing it. If you punch and print the same

field, you may put each in different positions. In other
words, you may format the punched fields in a different
way than you format the printed fields.

RPG OUTPUT SPECIFICATIONS X2190002 LIM 050"
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Figure 4-4. Specifications for Punching and Printing on a Card (Formatted Printing — MFCU)

a4




Formatted Printing — MFCM

: Using formatted printing, you can print a field or constant -

on any six of the 25 print lines available on an 80-column
card. For each field or constant you wish printed by the
MFCM, you must make the following specifications on the
Output-Format sheet:

1. When printing a field, enter the fleld name in columns
32-37.

2. Specify a print head ,numberl(l-e) in column 41,
3.  Specify a print end-position,(01 -64) in columns 42
and 43. (The leading zero is required when specifying

print positions 01-09.)

4, When printing a constant, enter the constant in
columns 45-70.

For example, to print the fields shown in Figure 4-5, the
specifications shown in Figure 4-6 are necessary. Coding
lines 02 through 05 cause the fields to be punched. Coding
lines 06 through 10 cause the fields and a constant,
BALANCE, to be printed. As you can see, two specifications
are required for each field that is to be both punched and
printed. In order to obtain the desired printing results, the
MFCM print heads must be allgned mechanically prior to
running the program.

Note: The fqurth line of printing also could have been
printed using print head 4, with print heads 5 and 6 set to
line positions lower on the card.

Because printing and punching are two separate functions,
it is possible to print a field wnthout punching it and to
punch a field without printing it.

63244
000c00BoRHooNo0og0000000CcHNocoC@0CO000000000000000000000G0000000000000000000606

31323334 2536 37 33 393 40 41 42 4344 4545 47 4843 50 51 5253 54 55 56 57 58 5960 61626364 656667636370 7172737475677 7879

12345678 89101112131415161718132025222324252627282

® Figure 4-5.: Formatted Printing on:an 80-Column Card

Card Output Operations 4-5



GX21-9090 U/M 050°
RPG  OUTPUT  SPECIFICATIONS grandoo un
{11 | S — ‘
12 . 75 76 77 78 79 80
Program Punching Graphic Card Electro Number e Djof " Program
Programmer Date Instruction Punch — . Identification
O G [|Space|  Skip Output Indicators Commas | 2ero Balances [ o o [ ap [ _ | X =" Remove
3|5 to Print ' Plus Sign
Yls .
g & , Field Name | ver Yos 1 A|J|Y=Dae
== ¢l I Yes No 2 g | K Field Edit
Line Filename HEIEE] End No Yes 3 c|L [Z= 2o
B And  And | Positon No No 4 D |m Suppress
g -3 ° 8|3 in ;
> 5]s 3|z 3 .
.E Alolo| £ & |z 5 5 8 $ Output |3 Constant or Edit Word
5 o[rR e <= z z *AUTO 22| Record |8
“w A w @ o
3‘56789|0l||2|3ll|5|6I7IE|9202l2223242526272l129303|323334353531 39404|l1l3“‘§46‘74849505|52535‘555557585960262836485566738597071727374
o[} jo|ARIDIALIT
of2| lo E 2
ol lo piD: 408
ol«] Jo]. cieir
o|s| |o B 94
o6 |0 A E 2
o] Jo DDA Yy
ofs [e] T
1 - N
il ol 507 LIANCIE
oo L 512
1(7] O

Figure 4-6. Specifications for Punching and Printing on~ a Card (Formatted Pri'nting — MFCM)
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Unformatted Printing (*PRINT) — MFCU and MFCM

Using formatted printing, recall that if you wish to both
punch and print a field, you must have two entries per field
on the Qutput-Format sheet: a punch entfy and a print
entry. |f you want several fields to be both punched and
printed, there is a great deal of coding involved.

RPG |I has a special reserved word, *PRINT, which allows

you to punch.and print fields and constants with less coding. .

When *PRINT is specified, it causes all previous fields
described for the record to be printed. Use of *PRINT is
known as unformatted printing.

Figure 4-7 shows the use of the *PRINT specification.
NAME, ADDR, ACCTNO, and BAL are to be punched.
Following these field names in columns 32-37 is the entry
*PRINT. This entry causes the previous four fields to also
be printed on the card (see Figures 4-8 and 4-9).

Using *PRINT with the MFCU causes fields and constants

- to be printed in-positions corresponding to the punch posi-

tions. For example, ACCTNO is punched in positions 41-48
and also is printed in positions 41-48.

On the MFCM, there is not space to print 80 characters on
one line. Therefore, data punched in columns 1-64 is
printed in print positions 1-64 by print head 1; data punched

in columns 65-80 is printed in positions 49-64 by print

head 2 (Figure 4-9).

The word *PRINT can be used only once for a record and
must be entered after the description of all fields that are
to be both punched and printed. Suppose, instead of print-
ing all four fields (NAME, ADDR, ACCTNO, and BAL),
you want to print only NAME and ACCTNO. In this case,
the entry *PRINT must follow NAME and ACCTNO.
ADDR and BAL must be described after the *PRINT entry
(Figure 4-10).

Columns 7-22 and 39-74 must always be left blank on the
*PRINT specification line.
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Figure 4-8. Unformatted Printing on a 96-Columﬁ Card

Figure 4-7. Punching and Printing on a Card Using *PRINT
(Unformatted Printing)

poocoojoNoo 000000000000
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Figure 4-9. Unformatted Printing on an 80-Column Cérd )
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Figure 4-10. Using *PRINT to Specify Fields When Some are
Punched Only

You may use any indicator in columns 23-31 to condition
~ the *PRINT entry. That specification will then be per-
formed only when the condition set by the indicator is
met. For example, according to the specification in Fig-
ure 4-11, line 05, the fields will be printed only when 10
and 21 are both on at the same time.

Editing A Field Printed on the Card

Any field that is to be printed, using either formatted or
‘unformatted printing, can be edited. This, of course, will
make the printed field easier to read and understand.

Editing a field to be printed on the card is done in the same
way as editing a field to be printed on the printer. How-
ever, editing should be kept at a minimum so that the length
of the printed field won’t be considerably larger than the
length of the punched field. Zero suppression or merely re-
“moval of the sign are often done since they do make the
printing easier to read, but still keep the printing in a one-
to-one relationship with the punches. :

Figure 4-11. Conditioning *PRINT Entry

USING ONE FILE FOR BOTH INPUT AND OUTPUT

In your experience with RPG 11, you have used card files as
input files and output files. Suppose, however, you wanted
to punch into the same card that was read into the com-
puter. Is it possible to use input and output files to do this?
No, input cards are only read and output cards are only
punched or printed. What you need is a combination of the
two. The RPG Il language allows such a file combination.
This type of file is called a combined file.

Note: In this discussion, only the MFCU is used for refer-
ence; unless noted otherwise, the MFCM can be used in the
same way. '

_ Punching Into the Same Card that is Read

A company keeps a daily record of the amount of each item
sold. At the end of the week the daily amount sold for each
item is punched into the card in six different fields, one field
per day. These cards are then used in a program which totals
the daily amount sold for each item and punches that total
into the same card that contained the daily amounts.

Figure 4-12 shows the format of the data card which is read.
Each card contains the end of the week date (DATE), the
item number (ITEMNO) and daily amounts sold (FLD1
through FLD6). Figure 4-13 shows the same card after it
has been punched. TOTAL is the field punched after the
total amount sold has been calculated.
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Figure 4-12. Combined File Card Read
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Figure 4-13. Combined File Card After Punching
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To describe this program, you will need four types of
specifications sheets: File Description, Input, Calculation,
and Output-Format. On the File Description sheet, you
define the file as a combined file with a letter C in column 15,
File Description entires for a combined file are the same as
those for an input file except for column 15. (See Figure
4-14, insert A.) Cards will be both read and punched on
MFCU1. With the exception of the device name, specifica-
tions in Figure 4-11 apply to the MFCM, as well.

On the Input sheet (Figure 4-14, insert B) you should de-
fine only the fields which are to be read. Remember the
TOTAL field is not in the cards when the cards are read
and therefore, is not described on the Input sheet. Since
the TOTAL field is to be created during the job, it is de-
fined on the Calculation sheet (Figure 4-14, insert C). - .
The Qutput—Formét shee"c‘(Figure 4-14, insert D) describes
only the information that is to be punched into the card.
Here again you describe the TOTAL field.

Note: Be sure the card columns to be punched contain
blanks, to prevent problems with invalid punch combinations.

.
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F File Type Mode of Processing File Addition/Unordered
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FiQure 4-14 (Part 2 of 2). Specifications for Reading and Punching Each Card

Punching into a Blank Card in the File

You have just learned how to use a combined file when you
wish to read and punch the same card. What if you wish to
read several cards and then punch another card in the same
file?  Remember any time you want to read and punch cards
from the same file, that file must be defined as a combined
file. o )

Assume that a company which keeps a weekly record of

items sold, uses these records at the end of the month to
determine the quantity of items on hand. For each item,
four different types of cards are read (Figure 4-15).

1. Onhand, which contains the number in stoék at the
beginning of the month.
2. lssues, which contains the number sold during the

month. There is one of these cards for each week.

3. Receipts, which contains the number added to stock '
through reorder. o

New Onhand, which is blank, - After calculations have
been performed to determine the number on hand,
this number and the date and'a code are punched into
the card. This card, when punched, will be used as
next month’s Onhand card, and will be in the same
format as the current Onhand card.
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Each of these card types is identified by a code in column
96 (see Figure 4-15). (This code would be column 80 if
the MFCM were used.)

N N
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Figure 4-15. Four Card Types
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Again, you will need four types of specification sheets to
write your program: File Description, Input, Calculation,
and Output-Format. On the File Description sheet, you
must enter the filename, file type, and device (see Figure
4-16, insert A). Since this file is both read and punched,
the file type must be C to denote a combined file.

On the Input sheet, ydu must describe all four card types
and assign record identifying indicators. These indicators

will be used later to condition those operations which are
to occur only when a specific card type has been read.

These cards must be read in a certain order. The onhand
card must come first, the new onhand (blank) card must -
come last. The issues and receipts cards may be in either
order, but must always be in the same order for any pro-
gram. For this program, assume that receipts cards follow
issues, Remember to indicate that cards are to be in a cer-
tain sequence by using numeric sequence entries for all card
types. These entries will direct the program to check for
sequence. Figure 4-16, insert B, shows input specifications
for this program.

On the Calculation sheet, you define the calculations’
(Figure 4-16, insert C) which must be performed to deter-
mine amount on hand. The record identifying indicators
assigned on the Input sheet are used to condition calcula-
tions. For example, only when an issues card is read (02 is
on) will number sold (ISSUES) be subtracted from INSTOK.
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" Figure 4-16 (Part 1 of 2). Specifications for Reading and Punching Combined File Cards
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Figure 4-16 (Part 2 of 2). Specifications for Reading and Punching Combined File Cards

On the Output-Format sheet (Figure 4-16, insert D) you STACKER SELECTION

must show the fields which are to be punched. Since only , »
the blank card is punched, punching occurs only when 04 Stacker selection is the means by which you can separate
is on. Because the card punched will be used as next month’s certain cards from all others in the file. If stacker selection
Onhand card, ITEMNO, DATE, INSTOCK and a code must entries gre not made, all cards automatically fall into speci-
be punched. " fic, predefined stackers: :

MFCU1: Stacker 1

MFCU2:  Stacker 4 )
When To Specify a Combined File MFCM1: Stacker 1 ; o C

; MFCM2:  Stacker 4 (Model A2) or Stacker 5 (Model

How do you know whether to describe a card file that must A1)
be read into the computer as an input or as a combined file? » ,
If you remember these basic rules you will have no trouble Note: Unless stated otherwise, this discussion applies to
deciding. both the MFCU and the MFCM.

1. If the file contains cards that are to be both read and
punched, it must be a combined file.

2. If cards in the file are to be stacker selected on some
basis other than card type, the file must be described
as a combined file {see Stacker Selection, Selecting on - -
a Basis Qther Than Card Type).

414



Input and Combined File Cards

Input file cards are stacker selected by input specifications.
Combined file cards can be stacker selected by either input
or output specifications.

Selectihg on the Basis of Card Type

Stacker selection by input specifications must be on the
basis of card type. This means you may separate all cards
of one type from the input file by specifying a special
stacker into which they should be stacked.

Suppose you want to create a monthly list of all items in a
retail store. Three card types are used: one for new items,
one for discontinued items, and one for all other items.

The manager wants to take all cards describing discontinued
items out of his file. He can do this by specifying the stacker
into which the card type is to be selected. The specification
in Figure 4-17, insert A, line 02, will separate the discontin-
ued item cards (card identified with a D in the last column)
from the other cards by putting them in stacker 2.

Notice that the OR relationship was used in describing the
three card types. When stacker selection is done with the
OR relationship one rule must be kept.in mind: each card
type will fall into the stacker indicated for it. For example,
Figure 4-17, insert A, shows the stacker selection entry 2
for the second card type. The other card types have no
stacker selecton entry. They are, therefore, stacked in
stacker 1 if they were entered in the primary hopper or in
stacker 4 or 5 if entered in the secondary hopper. According
to Figure 4-17, insert B, card type 02 falls into stacker 2,
card type 03 falls into stacker 3. Where does card type 01
fall? 1t will fall into either stacker 1, 4, or b depending
upon the device used and the hopper in which the file was
entered. :

Selecting on a Basis Other Than Card Type

Suppose you wish to stacker select input file cards on some
basis other than card type, such as the result of calculations,
the results of matching recordé, or the contents of an input
field. For example, assume that the cards which contain
information concerning new, discontinued, and available
items in the store also contain the amount on hand at the
end of the month. In addition to listing all items, records
of items which need to be reordered are selected to a
separate stacker. The critical reorder point occurs when
there are 25 items or less left on hand. (This, of course,
does not apply to discontinued items.) Thus, in the cal-
culations, ONHAND is always compared to 25. If the
amount is equal or less than 25, the item needs to be re-
ordered. All cards describing items to be reordered are to
be separated from the others in the file by stacking them

in a special stacker.

Where would you specify the stacker select entry that
would do this? There are only two possibilities — Input
sheet or Qutput-Format sheet. Remember that input cards

 can be stacker selected on the Input sheet on the basis of

card type only. In our example, not all cards of any one
type will describe items that need to be reordered. There-
fore, the selection is not on the basis of card type and can-
not be specified for an input card on the Input sheet. This
leaves only the Output-Format sheet on which to specify
this stacker selection. But since our file is not an output
file, how could it be specified on the Output-Format sheet?
Remember that a combined file serves for-both input and
output. Therefore; a file from which cards are to be
stacker selected must be defined as a combined file.
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Figure 4-18 shows the entries which are necessary to stacker
select all cards (except discontinued) cards) which contain
25 or less in the ONHAND field. The file would be de-
scribed as a combined file by placing a C in column 15 of
the File Description sheet.

Figure 4-18, insert A, shows that the ONHAND field is
compared with 25, |f the compare is equal or less, in-
‘dicator 10 turns on to indicate that the item should be
ordered. Indicator 10 is then used on the Output-Format
sheet to condition the stacker selection entry (Figure 4-18,
insert B, line 01). When 10 is on (there are 25 or less of
the item left) and the card is not a discontinued item (in-
dicator 02 is not on), the card is selected into stacker 2,
All other cards go into stacker 1.

Rules for Stacker Selecting Cards from a Combined File

Combined file cards can be stacker selected by both input
and output-format Specificaiions. Input stacker selection
is based on card type alone; output stacker selection can
be on any other basis. In fact, you can stacker select some

card types by input specifications and others by output-
format specifications. However, one card type should not
have both types of stacker selection specifications. If it
does, the input entry is ignored, Furthermore, if you are
punching or printing on combined file cards that are also
to be stécker selected, the stacker selection entry must be
on the Output-Format sheet.

Stacker Selecting Output File Cards

Output file cards are stacker selected by output specifica-
tions. For example, stacker selection by output specifica-
tions can be made on the basis of results of calculations,
matching records, content of fields, and error conditions.
QUtput stacker selection can be based on card type, but
card type selection is usually done with input specifications.

Consider an end-of-the-month inventory program that: (1)
finds the balance on hand for each item, (2} determines if
and when an item should be reordered; and (3) finds any
items that are overstocked.
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Figure 4-18. Stacker Selection on the Basis of Calculations
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Two files are used: an input file and an output file. The

input file contains three types of cards (Figure 4-19): °

1. Inventory Balance cards, which contain the number
in stock at the beginning of the month, and the max-
imum and minimum quantities which should be kept
in stock.

2. Issue summary cards, which contain the total number
issued during each week. Since this is an end of the
month job, there may be several of these.

3. Receipt cards, which contain the number added to
stock through reorder.

Each item must have a balance card. The other two cards
are optional. The output file contains blank cards.

For each item, the total number in stock will be calculated
from information on the input cards and then punched into
a blank output file card along with all other fields found on
the balance card. The format of the output card must be
the same as the input balance card, since this output card

is used as the balance card for next month’s inventory.

Before the balance on hand is punched into the blank cards,
the amount is compared to the maximum and minimum
quantities in stock established for each item to determine
reorder procedure. As a result of the comparison, four con-
ditions could occur:

1. If the amount in stock is zero or back-ordered, the
item should be reordered immediately.

2. If the amount is greater than zero but equal to or
_below the minimum, normal reordering procedures
should be followed.

3. If the amount is between maximum and minimum,
the item does not need to be reordered.

4, If the quantity is greater than the maximum, the
manager should be notified of the overstocked item.

Instead of putting all newly punched balance cards into
one stacker, it would be more convenient, when preparing
to reorder, if they were stacked into different stackers:
one stacker for items requiring immediate attention (re-
order immediately or greatly overstocked), one for items
to be reordered normally, and one for items which need
not be reordered. To separate them, you specify different
stackers they could go into on the basis of the amount in
the INSTOK field.

4-18
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Figure 4-19. Cards Used for Inventory Job



From which file do cards come that are to be stacker
selected? They come from the output file since they are
the newly created balance cards. Therefore stacker selec-
tion entries must be made on the Output-Format sheet.
Stacker selection entries are on the basis of the compare
operation. Thus these compare operations must set indi-
cators which will be used on the Output-Format sheet to
indicate into which stacker cards must fall. Figure 4-20
shows the program specifications.

Figure 4-20, insert A, lines 01, 02, shows operations used
for finding the number in stock. When a control break
occurs (a card for a new item is read) the number in stock
is compared as many as three times (lines 04-06) to deter-
mine into which stacker. the cards should fall for reordering
purposes. Resulting indicators are set off (line 03}, since
improper selection could otherwise occur due to multiple
indicators set for a single condition.

INSTOK is first compared to zero. If it is equal or below,
indicator 10 is turned on. If INSTOK is greater than zero,
it is compared to the minimum quantity. When INSTOK
is equal to or less than minimum, indicator 20 is turned on.
If INSTOK is greater than minimum, it is then compared
to maximum. Indicator 10 is turned on if INSTOK is
greater than maximum; indicator 30 is turned on if it is
equal or less.

Any of these indicators can be set: 10, 20, 30. Since they
indicate the amount in the field INSTOK, they also indicate
into which stacker cards should fall. (See Figure 4-20, in-
sert B.) If 10 is on (INSTOK is zero or less or greater than
maximum) cards go into stacker 4. If 20 is on (INSTOK is
greater than zero, but equal to or less than the minimum),
cards go into stacker 2, ' |If 30 is on (INSTOK is greater
than MIN but less than or equal to MAX) cards go into ™
stacker 3. In all cases, five fields and a constant are punched
punched on each blank card before it is stacked.

Rules for Stacker Selecting Cards From An Output File

If no stacker selection entry is made for the output file,
cards automatically fall into predefined stackers — stacker 1
if the file is in the primary hopper; stacker 4 if the file is in
the secondary hopper. You may, however, cause cards to

be stacked in any of the four (or five) available stackers
merely by entering 1, 2, 3, 4 or 5 (5 for MFCM Model A1) in
column 16 of the Output-Format sheet.

All cards from the same file will fall into the specified
stacker unless indicators are used in columns 23-31. If,

as in this example, you want cards to fall into different
stackers, you must use indicators set by calculation opera-

| tions to condition the stacker selection specifications.

-/

Merging Input and Output File Cards

Putting cards from two different files into the same stacket
is known as merging cards. Any two files can be merged.
To do so, you merely specify the same stacker for each file,

When input and output file cards are merged, the output
file card for each program cycle is stacked in front of the
input file card read at the beginning of the cycle. Why are’
output cards stacked before input file cards? chording to
the way the MFCU and MFCM operate:

1. An input card is not stacked until the next input card
is read.

2. Ahy output card that is punched is stacked immedi-
ately.

These statements are the key to the order of merging. Con-
sider what this means during a regular program cycle. When
an output file card is punched, it is stacked. Thls could be
either at total time or detail time. However, ‘the input card
read at the beginning of the cycle is not stacked until the

‘next card is read. This results in the output card being

stacked in front of the input card. Most often, however,
you would want the merged cards ordered so that input
cards precede output cards. '

Reversal of the normal stacking order can be acconriplished

"by specifying look ahead fields or dual input areas for the

input file. When either of these is specified, mput cards are
stacked before output cards.

Stacker selection cannot be specified for input files with
dual input areas. Therefore, if you wish to merge cards
from the input and output file, you must merge the cards
into the default stacker for the input file (defined pre-
viously — see Stacker Selection).
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I Figure 4-20. End-of-Month Inventory Job
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Review 4

Punching and Printing on Cards

1.

2.

Why is it important to print on a card the same information punched in a card?

Using the following information, write the output-format specifications to punch
and print the following fields on output cards:

Field End Position

CUSTNO 5

NAME 26

AMT 32

INVNO 38

DATE 44

2 {constant) 96 (use 64 for MFCM)

The information should be printed in the same relative positions as it was punched.
Do not use *PRINT for this. For the MFCM (Model 15 only), use print head 1 for
all fields.

Do problem 2 using *PRINT.

Using One File For Both Input and Output

4.

5.

When should a file be speéified as combined?

If all master cards in a file are to be separated from item cards in the same file, the
file type should be specified as

True or False? Both printer files and card files can be combined files.
An electric company wishes to find the amount each customer owes for the electricity
he used during the past month. The input file consists of three types of records for
each customer:
® READ?1 which contains the meter reading at the beginning of the month,
® READ2 which contains the meter reading at the end of the month. This card

will be used as next month’s READ1 card. It now contains a blank in the last

column, and must therefore be punched with a 1 in the last column.

® AMOUNT DUE which contains a blank field (AMTDUE) which will be punched
with the amount each customer owes.

For each account these three cards must be present and in the order indicated.
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Amount Due Card

The program must:

© Find the number of kilowatt hours (KWH) of electrlclty used during the month. The

reading has two decumal places.

® Multiply the number of kilowatt hours used by rate per kilowatt hour to find amount
due. (AMTDUE has 2 decimal places.): Rate is $.05 per KWH for the flrst 50 KWH,
then $.02 per KWH for all over the first 50 KWH.

® Punch the amount due on the appropriate card.

® Separate all three card types into different stackers.

Make the necessary entries on the File Description, Input, Calculation, and Output-Format

sheets.




Stacker Selection

8. If stacker selection is specified on the OQutput-Format sheet during detail output
for card 3, which card will be selected? Which card will be selected if stacker selec-
tion is specified during total time output after control group A?

N

N
B
A
! - 4
/» -
— 3
[ra—
-2
-1
) 9. At each stop they make, drivers working for a fuel oil company record beginning

and ending meter readings and the number of gallons of oil delivered to the customer.
Later the account number, meter readings, and gallons delivered are punched into
cards.

All regular customers are charged 15¢ per gallon. However hospital and government
agencies receive a 2% discount. The code to show which customers receive a dis-
count is in the account field. |f the last digit is 0, no discount is given; but if the
last digit is 5, the discount is given.

Write the calculation and output-format specifications to:

a. Check the driver’s calculations in determining gallons delivered to each account
by subtracting beginning meter reading from ending meter reading.

b. Calculate the amount charged to each account (AMOUNT).

c. Find total number of gallons sold for the day (TOTALG) and total amount
charged (TOTALA). i .

d. Print a report listing daily transactions and totals. |f there is an error in driver’s
calculations, print the account number, code, and a message, ‘CALCULATION
ERROR’.

e. Stacker select cards for customers receiving discounts into stacker 2. All others
go into stacker 3.
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The input specifications and the layout of the printed report are as follows:
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Answers to Review 4

1. Printing the same information that is punched on a card:
a. Enables you to easily see what is on the card. You don’t have to analyze each
punch combination.
b. Makes it easier to recreate a card that is damaged to the extent that it cannot be
processed.
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4, A file should be specified as combined if it is both read and punched or if cards
from the file are stacker selected on a basis other than card type.
5.  Input (stacker selection is on basis of record type here.)
6. False, only card files can be designated as combined files.
7.
File Description Specification
F File Type Mode of Processing . . File Addition/Unordered
File Designation Length of Key Field or R .Extent Exit Number of Tracks
End of File of Record Address Field - S for DAM for Cylinder Overflow
Record Address Type : N [ Name of _ Number of Extents
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olsl |F | T
N B For MFCM, change 96 to '
80 and change the device
name.
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Space|  Skip Output Indicators Commas | Zere Batances [y coo Toe T2 T = Remove
. 1o Print Plus Sign

Field Name Yor Yes Y = Date
Yes. No Field Edit

End Z = Zero

Line Filename No Yes

FSERENIN
vowp
ZErAc

Before
After

Type (H/D/T/E)
> | Stacker # /Fetch(F)

. And And el Positon No No Suppress

> s ] B 3

; o]0y 21 £ |3 3 3 8|5t Output |3 Constant or Edit Word

5 olr @<= 2 z *AUTO £l Record [

w Wl e
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ol2| Jo CANANG iForMFCMJmmmeQGtOBQ
o3| |o 13 e
ola

° TDUE 4
05| (O

Since cards in this file are to be both read and punched the file must be defined as

a combined file (C in column 15 of the File Description sheet). The card type
identified by a 1 requires no punching, and therefore can be stacker selected on the
Input sheet. A 1 was entered in column 42 of the Input sheet to indicate the stacker.
Leaving this column blank would also indicate that the card type goes into stacker 1
because cards entered in primary hopper of the MFCU are automatically stacked in
stacker 1. Output operations are performed on card types 02 and 03. Stacker selec-
tion is, therefore, specified for each on the Output Specifications Sheet in column 16.

8. a. Card 3 — the card that is being processed.

b. Card 3 — the card which caused the control break. /
\\
9.
RPG CALCULATION SPECIFICATIONS PO
IBM International Business Machire Corporation
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o I e I o
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You must be certain to check ta see if the code is 5 or 0. The resulting indicator showing the
result of the compare is then used on the Output-Format sheet to show into which stacker
cards should fall. Stacker selection must be specified as a detail operation so that the correct
card will be selected. Any report formatting you choose is acceptable.
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Chapter 5. Controlling Operations In An RPG Il Program

CHAPTER 5 DESCRIBES:

Additional uses of indicators to control calculations and output.

Controlling operations on the basis of the next record in a file.

Manipulating data by moving it from one field to another.

Saving storage spa;:e and coding in calculation;; by using branchingvand subroutines.
Special uses of control level indicators. |

Binéry vfield opevrations.A

Increasing the speed of RPG Il operations.

BEFORE READING THIS CHAPTER YOU SHOULD BE ABLE TO DESCRIBE:

General usage of the following indicators: 01-99, MR, L1-L9, LR, 1P, OA-OG, OV.
The concept of matching records.
Coding of arithmetic operations in ca|culafions.

RPG 1l object program cycle.

AFTER READING THIS CHAPTER YOU SHOULD BE ABLE TO:

Control calculations and output using H1-H9, U1-U8, and Resulting Indicators.
Condition calculations using OA-OG and OV indicators.
Use the RPG 11 look ahead feature. :

g ‘ \ .
Code specifications to move data from one field to another.

- Branch in calculations using GOTO and TAG.

Employ subroutines in calculations using BEGSR, ENDSR, and EXSR.
Cause an artificial control break and total operations using LO.
Use control level Aindicators‘to perform group printing.

Control calculations using binary switches.

’ State advantages of dual input/output areas and correctly code for them.

Note: You can use the review questions contained in Review 5 at the end of this
chapter to test your comprehension of each topic in the chapter. Questions are
grouped according to the topic to which they apply. Answers follow the review
questions.

Controlling Operations In An RPG |l Program-
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INTRODUCTION

There are many ways that you can control the performance
of RPG [l operations. You have already learned the basic
elements of controlling calculations and output, especially
the concept of the RPG Il object program cycle and the use
of indicators to condition specifications. This chapter sup-
plements those basic concepts by presenting topics that will
help you improve the performance of your RPG Il programs
and do more complex jobs.

ADDITIONAL USES OF INDICATORS TO CONTROL
CALCULATIONS AND OUTPUT

On the Calculation and Output-Format sheets, you describe
all the calculations and output to be done in your program.
Sometimes, all the calculation and output operations must
be performed on every program cycle. More often, however,
you want operations done only under certain conditions.
For example, you may want to perform a calculation or do
some output only when a control break occurs, do an opera-
tion only when a certain record type is read, or do certain
operations only on certain prbgram runs. )

In columns 7-17 {Indicators) of the Calculations sheet and
columns 23-31 (Output Indicators) on the Output-Format
sheet, you can specify when certain calculation and output
operations are to be done. Some of the indicators that can
be used, and the conditions they signal, are:

Indicator Condition

01-99 Operation is done only when a specific
record type has been read, or when the
result of a calculation or the contents
of a field are as desired.

MR Operation is done only when records
match.

L1-L9 Operation is'done only when a control
break occurs.

LR Operation is done after all records have
been read and processed.

1P Output record prints only on the first
page.

OA-0G; 0V Output record prints only when over-

flow occurs.

You are probably somewhat familiar with the use of these
indicators from previous education, reading, or other topics
in this book. However, there are other kinds and uses of
indicators with which you may not be so familiar. This
section discusses:

1. Halt indicators-used to tell what operations should
be done on an error condition.

2. External indicators used to tell what operations should
be done for a specific program run.

3. Overflow indicators used to tell what calculations
should be done when overflow occurs.

In addition to these new uses of indicators, this section also
describes conditioning of operations based on the results of
certain calculations.

Preventing Operations From Beihg Done When an Error
Occurs

Halt indicators are used to test for an error condition in
your data. According to RPG Il program logic, a halt does
not occur as soon as the error condition is found (as soon as
the halt indicator is turned on). Instead, the program

cycle is completed before the halt occurs. This means that
additional operations may be performed in error unless you
specify otherwise.

Preventing Calculations When an Error Occurs

Specifications shown in Figure 5-1 illustrate the use of H1
to prevent calculations. Tests are made to determine if the
INSTOK, TOTAL, or ORDER fields on record types 01, 02,
or 03, respectively, are negative. A negative value in any of
these fields is an error condition. When an error is found,
H1 turns on. Since calculations [normally] are done when
02 and 03 record types are read, conditioning these calcula-
tions by NH1 prevents them from being done when data is
erroneous.

Halt indicators can also be specified on the Calculation
sheet to test for an error. For example, in Figure 5-2, H1

~is set on if the result of operation in line 01 is negative. If

quantity in stock (INSTOK) is negative after quantity
shipped (QTYSH) has been subtracted, an error has occur-
red. H1 turns on and the system will halt after the current
cycle.
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Figure 5-1. Conditioning Calculations by a Halt Indicator
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Figure 5-2. Testing Result Field for Error Conditions
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Preventing an Entire Record From Being Written Figure 5-4 shows the specifications which will bypass the
writing of all fields except DEPT and ITEMNO when an

Figure 5-3, line 07, shows an output operation conditioned error occurs.

so that the record specified will be written only when the

halt indicator is not on (NH1)}. When the halt indicator is

on {(H1), it will be bypassed. Doing Output Only When an Error Occurs

It is also possible to condition records or fields so that they

Preventing Fields From Being Written are written only when an error condition occurs. Figure
' 5.5 shows the specifications which do this.

Suppose, however, that you do not want to bypass the

writing of the entire record, but want some fields written Using the halt indicator will cause the computer to stop
even when a halt condition occurs. For this case you after all operations are completed for the record causing the
should use the halt indicator to condition certain fields error. You may restart processing immediately, however, by

within the record instead of conditioning the entire record. - pressing the start button on the processing unit.
This way, when an error occurs, some fields will be written ‘
and some will not.
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Figure 5-3. Preventing a Record from Printing
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Figure 5-4. Preventing Fields from Being Written
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/ Figure 5-5. Doing Output When an Error Occurs

!
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Using Indicators Other Than H1 -H9 to Bypass Error
Conditions

If you are not interested in halting when an error condition
occurs but still wish to bypass the processing of erroneous

data, you may use indicators 01-99 instead. They, like halt
indicators, may be assigned to check for error conditions in

data on the Input sheet and are then later used to condition
calculations and output operations (see Figure 5-6). They
do not cause a halt. ‘

When you do not wish to halt the program for an error
condition, you may select cards into a special stacker so that
they will not be mixed with valid data cards. Stacker selec-
tion may be done based on the use of the indicator for an
error condition.

Figure 5-6. Using Indicators 01-99 to Prevent Output
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Controlling Which Operations are Done For a Specific
Program Run

The chapter entitled Describing and Using Input describes
how to condition the use of an input file with an external
indicator so that a program can use different input files in
different program runs. That chapter also describes how to
assign external indicators U1-U8 on the File Description
sheet and how to set the indicators.

This section describes how external indicators are used on
the Calculation and Output-Format sheets to condition
which operations should be done for a specific program run.

Conditioning Input Files and Related Calculations

Consider for example, calculations done for a sales analysis
program. For each item in stock, monthly total sold (SOLD)
is calculated and then added to last month’s year-to-date
total (BALFOR) to find the current year-to-date total
(BALNCE). In the first month of a new year, monthly totals
should not be added to prior year-to-date totals because
totals are not carried over from year to year. This last
statement, the year-to-date addition statement, therefore,

is not done for all program runs. By conditioning the
statement with an external indicator, you can control when
the statement is done. In Figure 5-7, the monthly total is-
added to prior year-to-date only when U1 is on,

When one program is written to do two similar, yet unique,
applications, some calculations may be used for both appli-
cations, some for only one. Again you may use external
indicators to control which calculation specifications are
used for each application.

RPG CALCULATION SPECIFICATIONS o o
cinted in U.S.A.
IBM Intsrnational Business Machine Corporation . .
- 1 2 75 76 77 78 79 B8O
Program Punching Graphic Card Etectro Number . [D . Program
Programmer [Dne Instruction [ oo 2ge o' Identification
5 Indicators Result Field Resulting
9 Indicators
é s l I § _ Ariuiumelic
-gE And  And Factor 1 Operation Factor 2 2| Z [ Pus [Minus] zero Comments
815 E l é % Compare
tne 12|35 2 Name Length E%t>2]|<2||=2
o g g: €| < [Lookup(Factor 20is
L - . a2 High | Low |Equat
3 aslefrs n'sxszarz‘;gﬂ’azsgzqzan 30 31 32{33 34 35 36 37 38 30 40 41 42|43 44 45 46 47 4849 50 51[s: EPsssss-:sssaeou 2 63 64 65 66 67 68 69 70 71 72 73 74
of1
c LIFIAR DD LDy 7 []
0f2 Cc |
t

Figure 5-7. Conditioning a Calculation by an External Indicator
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Conditioning Input Files and Related Output Operations

Consider again the example discussed in the section of Chap-
ter 2 entitled Conditioning Use of Input Files. Two reports
were required: sales analysis and inventory (Figure 5-8).
Since the results are so similar (one report merely includes
-more information than the other), the jobs are coded in one
program.

SALES A\NALYSlS

ITEM NUMBER AMOUNT SOLD DATE
46‘732 . | 7 09/15/70
' 8 09/16/70
2 09/17/70
1 09/19/70
46739 12 09/15/70
, 20 09/16/70
‘25 09/17/70
8  09/18/70
3 09/19/70

Figure 5-8. Two Similar Reports

Two files are available: a MASTER file which shows the
balance forward for each item, and a TRANSACTION file
which contains daily records of the number of items sold.
The sales analysis job requires one file since it just creates
a list of transactions. The inventory job requires two files
since, for each item, it subtracts the number sold from the
balance forward to find the new balance forward. An exter-
nal indicator was assigned on the File Description sheet (see
Figure 5-9). Its setting indicates to the program which files
are to be used. '

BALANCE FORWARD
ITEM NUMBER  AMOUNT SOLD DATE BALANCE
46732 7 09/15/70
8 09/16/70
2 09/17/70
1 09/19/70
150*
46733
32*
46739 12 09/15/70 |
20 09/16/70

File Description Specification
File Type Mode of Processing File Addition/Unardered
F File Designation Length of Key Field or = Extent Exit Number of Tracks
End of File of Record Address Field Sl for DAM for Cylinder Overflow
i N
Record Address Type Symbolic 2| Nameof ) Number of Extents
Filename Sequence Type of File o Device Device 4 Label Exit
File Format Organization o 5 .
Line or Additional Area | § Core Index
(] Overflow Indicator| 9|
g sle| | |8 Y H
= < E 2 5::;’;‘ f::o‘r: ¥ é Key Field g Continuation Lines
E g S g 9 « sls Starting | £ 5
£ = e |w g < J <= Location |& K Option Entry <
3 4 slel7 8 9 10111213 1a|1s]16]17]18]19]20 21 71232“%&212”2930 31[32033 sal35 36 37 38la0l40 4142 43 4445 46147 48 49 50 1 52 Isal s 55 56 67 68 59 160 61 62 63 64 65 Jeslerles 69
°12 IFMASITIER| | TP . F :
o3| IFIT S S EICILIY
bl I L EIR : -
ols| |F PRINT = P T The devices used depend on which
System/3 mode! and configuration you have.
ols| |F
T T Tt 1t

Figure 5-9. Assigning an External Indicator to the Master File
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Because the results differ slightly for each job, different The file description specifications (Figure 5-9) show that

output operations are required. When two jobs are coded when U1 is on, the MASTER file is used. This means that
> - together, you indicate which operations are to be done for the inventory job is being done. Thus when U1 is on, only
each through the use of an external indicator by setting the the output specifications to print records for the balance
indicator to signal which files are to be used. You can speci- inventory are needed. Condition those output records on
fy which output operations should be done in the same U1 (Figure 5-10, lines 01, 05, 10, 12, 15, 22). Condition
way--by conditioning them by the same external indicator. those for the sales analysis job on NU1 (when U1 is noton

) . the MASTER file is not used).
The Output-Format sheet shown in Figure 5-10 shows speci-
fications for both jobs. Appropriate heading and detail lines :
are given for each. The total record is only for the balance " Conditioning Output Files and Related Output Operations

forward job. Unless told otherwise, the computer will try )
to perform all specifications (provided conditions set by The program just discussed involves the use of a variable
indicators in columns 23-31 are satisfied) in each cycle. You, number of input files. One program may also require the
therefore, have to tell the computer which operations to do use of a variable number of output files. In that case, the
for each job. output file must be assigned an external indicator. When
the indicator is on, the file is used. When it is off, the file
is not used.
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_/ Figure 5-10. Conditioning Output Operations by an External Indicator
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For example, consider a sales analysis job which does the
following:

1. Calculates and records the quantity of each item sold
during the month. '

Updates the year-to-date total of the number of each
item sold. o

3. Creates a new year-to-date record.

The input file, organized in ascending order by item num-
ber, consists of two record types: (1) item cards, and (2)
summary YTD cards. Each item card represents an item
transaction. During the job, item cards are counted; and,
when a control break occurs, amount sold is added to the
year-to-date total found on the summary card. The num-
ber sold and current year-to-date totals are recorded on the
sales analysis report, and a new summary card containing

the current-year-to-date total is punched. Notice that the
new year-to-date summary card is stacker-selected into-
stacker 1, the default stacker for the primary MFCU hopper
(Figure 5-11, line 11 of the Output sheet). Assume that
the old summary card is selected into a different stacker by
means of an entry in column 42 of the input specifications.
Thus,’ the new summary card is automatically placed into
the item file in preparation for the next run of the program,
while the old summary card can be easily discarded.

At the end of the year, new year-to-date summary cards
should not be punched because the year-to-date total is

not carried over into the next year. In this case, the punch-
ing operations should not be done. You can tell the pro-
gram whether or not to punch by conditioning the output
operations and the output file by the same external indica-
tor. Figure 5-11 shows some of the specifications for the
job.

Figure 5-11. Controlling Use of a File
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Always be sure to control which calculation and output
operations should be done for the job being run by con-
ditioning the operations with the same external indicators
that were assigned to the file. When you condition input
files by external indicators, you may. condition output
overations if you desire. However when you condition out-
put files, you must use the same external indicator used for
conditioning the output operations. If you forget to con-
dition the records for an output file conditioned by an ex- ‘
ternal indicator, an error will occur.

Conditioning Output Operations Only

So far, you have learned that external indicators condition
files and operations related to the use of that file. External
indicators need not always condition a file; they can condi-
tion output operations only. This means that every time
the program is run, the same files will be used, but different
output operations are done depending upon the setting of
the external indicators. - ‘

For example, just one specification conditioned by an ex-
ternal indicator can change a group-printed reporttoa
group-indicated repbrt or vice versa. Figure 5-12, part A,
shows that a detail line will print for every card. By adding
an external indicator, you can control whether or not the
detail line will print (Figure 5-12, part B). When U1 is on,
the line prints; when U1 is not on, it will not print.

Controlling Calculations When Overflow Occurs

You normally think of using an overflow indicator to con-
dition total or heading records that must be printed on
every page of a report. But you may also use the overflow
indicator to condition calculation operations. Any calcula-
tion operation so conditioned will be performed only when
overflow occurs. ‘
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Figure 5-12. Using U1 to Condition Qutput Operations
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Assume, for example, that you are preparing an accounts
receivable report as shown in Figure 5-13. On each page of
the report, you wish to have a total showing the amount of
all accounts receivable on that page. You also wish to find
the total amount of all accounts receivable on all pages.
Thus at the beginning of each page, you must start accumu-
lating totals for that page. When overflow occurs you want
to add the amount of the accounts received (page total) to
final total, print the page tota! and then reset the page total
to zero so that you can start accumulating totals for the
next page. Only the calculations which are to be done when
overflow occurs are conditioned by the overflow indicator.
See Figure 5-14 for the calculation specifications.

Performing Calculations on the Basis of the Results of
Other Calculations ‘

The value of the contents of a field rather than the occur-
rence of a certain condition can be used to determine :
whether or not an operation will be performed. You have
worked with such situations already. For example, you
have used a field on an input record to determine if
processing should be done. If the field was positive, you
wanted to do all calculations; if it was negative, you did no
calculations. (See Preventing Calculations When an Error
Occurs.)

For the situation just stated the contents of an input field
determined what calculations (if any) were done. In this
section, however, emphasis will be placed upon how results
obtained in a calculation operation can be used to deter-
mine whether or not other calculations are performed.

DATE 06/30/0 ACCOUNTS RECEIVABLE REGISTER PAGE 1
CUST NO ACCOUNT NAME INV DATE ACCOUNTS RECEIVABLE
MO/DY/YR

11886 AABY, SHELLEY 4/18/0 86.40

12093 ACKER, ALVIN 4/18/0 403.10

12128 ADAMS, CINDY 4/18/0 345.65

12206 ADSON, MARION 4/18/0 700.60

12720 ANTON, MONICA 4/18/0 1,253.40

12803 AXFORD, JOE 4/18/0 ' 4852

12815 BAILEY, MARLYS 4/18/0 107.05

12900 BALZUM, GERALD 4/18/0 345.10

13260 BATTEY, ADA 4/18/0 165.35

13265 BEABOUT, ART 4/18/0 316.05

12390 BERGERSON, M. 4/18/0 43.60

14619 ‘BILSTAD, DON 4/'18/0 1,129.02

4,943.24 . PAGE TOTAL

1

Figure 5-13. Report with Page Totals
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Figure 5-14. Conditioning a Calculation by an Overflow Indicator

Using the Results of Arithmetic Operations

Consider how the result of a calculation can be used to de-
termine the need for further calculations in a billing pro-
gram. For each account, it is necessary to first determine
the amount owed by adding charges and payments (pay-
ments are recorded as negative numbers) to the balance due
at the beginning of the month, For any customer owing °
money at the end of the month, a service charge of'1-1/2
percent is added to the amount due. if he has credit coming,
he must be sent a credit memo instead of a bill. Thus a test
must be made on the amount due field to determine if it is
plus or minus. If it is plus, the customer owes money and
the service charge must be figured before the bill is printed.
If it is minus, he has a credit and must be sent a credit memo.
The card for the customer with a minus balance is stacked
into a special hopper. It is later used in a credit memo run.

How can you cause a test to be made on the data? Remem-
ber in Figure 5-1 how you tested for a minus quantity. By
entering an indicator (01-99, H1-H9) in columns 54-59, you
can test for plus, minus, or zero depending upon where you
place the indicator.

For this program; indicator 99 is placed in columns 54-55

to test for a plus condition (see Figure 5-15). When a control
break occurs (all transactions for one account are processed)
and when 99 is on, the 1-1/2 percent service charge is found
and added to amount due (AMTDUE) to find total amount
due.

If indicator 99 is off (no amount due) when the control
break occurs, these last two operations are not performed.
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—~, @ Figure 5-15. Conditioning Calculations by an Indicator Set as a Result of an Arithmetic Operation
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The result of any arithmetic operation (ADD, SUB, MULT,
DIV Z-ADD, Z-SUB, MVR]) can be tested by specifying re-
sultmg indicators i in columns 54-59. The resulting indica- -
tors which are set as a result of the test can condition those
operations which are to be per_forrhed on the basis of the re-
sult of that test.

Using the Results of Compare Operations

In a compare operation (COMP), fields or literals of the
same type (alphameric or numeric) are compared to each
other to determine their relationship to each other. Indica-
tors entered in columns 54-59 are used to indicate whether
the field or literal in Factor 1 is higher than, lower than, or
equal to the field or literal in Factor 2.

The results of a compare can also control which calculations
should be done next. For example, when doing an inventory
and reorder application, the compare operation (COMP)

is used to determine if any item needs to be reordered. In
the example shown in Figure 5-16, the field called MIN
(minimum) contains the critical reorder point. The field
ONHAND is compared to MIN. If the amount on hand is
less than or equal to MIN, indicator 99 is on, The reorder.
quantity is calculated by subtracting amount on hand from
the number in the field called MAX which contains the
maximum number which should be in stock. 1f amount on
hand is greater than MIN, no reordering need be done and
this calculation is not done.

Using the Results of the Test Zone (TESTZ) Operation A

‘ Another opera.tionlcode TESTZ, is available to test data

during calculations so that you can determine which cal-
culation to do next. TESTZ tests only the zone port/an of
the leftmost character of an alphamer/c field, TESTZ does
not test specnflcally for plus, minus, or zero; hlgh low, or
equal. Rather, it tells you into which group of Zones the
zone tested falls: ‘ o

® The zones of the character & (ampersand), A-| cause
the Plus indicator entered in columns 54-55 to be turned
on, L

® The zonebs of'the characters } (bracket), - (minus), and
‘J-R cause the Minus indicator entered in columns 56-57
to be turned.on.

® The zones of all other characters cause the indicator
entered in columns 58-59 to be turned-on.

The test zbné operation could prove very useful i‘n a large -
billing application. Consider the case of a company which
has so many accounts that billing must be divided. Customers

. whose last names are in the first part of the alphabet are

billed on the 15th of the month; all others are billed at the
last of the month. The master file used in billing is organized
in ascending order according to account number.

The records in this file could be sorted by name so that you
could divide the file for billing. However, this file is used -
so often for other purposes that it is a waste of time to .
repeatedly sort it according to name and then sort it again
according to account number. .

RPG CALCULATION SPECIFICATIONS . Form Gxa1 08
IBM International Business Machins corpomgnn B ’
. N . 75 76 77 78 79 80
Program . - Punching Graphic Card Elettro‘ Number P"’ I]] ngm" X
Programmer J Date Instruction | pyich . ] ! i
. . . Resulting
C 4 Indicators Result Field Indicators '
— 3e I | ol Arithmetic .
3 g And  And Factor 1 Operation Factor 2 I§ = .f‘”_‘ol?‘i'lh_"’ Comments
g8 < |1 - mpare . : .
une [Z[2 2 Name | Lengthiz % i>2[i<2[1=2
g £ :_ s 5 © . 5 | = |Lookup{Factor 2)is|
£18 5|z z =z X - gi:' High | Low | Equal
3 4 5lef7 slofoltf1213)14)15[16]17[18 19 20 21 22 23 24 25 26 2728 29 30 31 32]33 34 35 38 37 38 39 40 41 4243 44 45 46 47 48]49 50 61{s2]s3]s4 £s)56 57]68 5060 61 62 63 64 65 68 67 €8 69 70 71 72 73 74
o1 Jc A u T N TTT1T] ‘ ERREEREE
of2] e < Slup D [ | loRIDE]
o3} {c '
0 [

Figure 5-16. Conditioning Calculations by an Indicator Set as a Result of a Compare Operation
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A better way to do the billing is to test the name field in Naturally at the end of the month you will want to bill the
each record to see in which part of the alphabet the name falls. rest of the customers. But you don’t want to write another

During the first of the month, if the last name begins with program for end of the month billing. So you write one
letters A-1, you wish to find amount due. TESTZ will test program to do both jobs and use external indicators to con-
the first letter in the field and tell you in what part of the dition the specifications for each job (see Figure 5-18).

alphabet it is. Figure 5-17 shows the calculation specifica-
tions necessary to bill customers whose last names fill into
category A-l. E

_ RPG CALCULATION SPECIFICATIONS . Fom G108
mM Interns ‘onal Business Machine mﬂm )
1
Program Punching Graphic Card Efectrc Number , I:ﬁ Program BT 7870 80
Programmer . ID"' Instruction | g - of__ identification
Ny Resulting
C 4 Indicators Result Field Indicators
S I I ’ I Arithmetic
..,g g [ Pius [Minus] Zero
g ; And And Factor 1 Operation Factor 2 % f o Comments
une |2 38 Name  Length % 3: T>2l1<2]1=2
Elzv E | [Lookup(Factor 2)is]
.ESEE i £ HE High | Low |Equa)
34 8lefs slohofnhahspalislseiiziie 1920 20 22 23 20 25 26 27078 29 30 31 32133 34 35 38 37 38 29 40 41 42043 44 45 46 47 48)ev 50 61|62 |salse selss 67150 6o len 61 62 63 64 65 65 67 68 €9 70 1 72 73 74
o] |c : [ ]
012 c q
ofs| [e ! .
. - T T T T T L
Figure 5-17. Conditioning a Calculation by an Indicator Set as a Result of the TESTZ Operation
RPG CALCULATION SPECIFICATIONS Fom gzt 4083
IBM Busines Machine
Program B — Graphic Cord Electro Number - 1 2 . prognam 76 76 77 78 79 80
Programmer ]Dm tnswruction | pynch .g.m —_ ifi
. Resulting
C o Indicators Result Field Indicators
3 € I l 2 Asithmetic
Eg And  And Factor 1 Operation Factor 2 £ “E Plus c:::'"‘"z'"’ Comments
un |& = Name |Length % % 1>2f1<2[i-2
"
3 . E . . -G | = |Lookup(Factor 2)is|
Egﬁi E" §| : 8|2 o T ow [eue
3 4 nlef7 alohofsshafiafsalisirelizjss 19 20 21 22 23 26 25 28 27)28 29 20 31 32]33 24 35 36 37 38 30 40 41 42]43 44 45 46 47 4849 60 1[sa]63]se £6[ss 67[5 6060 81 62 63 64 65 68 67 68 69 70 71 72 73 74
T 1 ] o T T T 171711
T il T ENRRERNYZ AT §
of2| le T 5
ol3| |c T T
ofe[ e ‘ | [
LI B T T UL T

Figure 5-18. Using TESTZ and External Indicators
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Youu can use TESTZ to test for any special code you set up
by using the zone of a character. This is most often done
when you have no space on your records for any other kind
of identifying-information. For example, when establishing
a code for the percentage of commission received by each
salesman, you could use the & to indicate 6 percent and
the minus (-) sign to indicate 15 percent. You would, of
course, have to punch this code in the leftmost position of
a numeric field because this is the position tested by the

SALESMAN -
‘ [
Whose number is 17657778

TESTZ operation.  Figure 5-19 shows how the codeis
placed in the field containing salesman number. However,
you'must define the field as alphameric since the TESTZ

operation can only be performed on an alphameric field. -

1t
i

Figure 5-20 shows the TESTZ used on the SALSNO (sales- -
man number) field, which-contains the commission code,
in order to find rate of commission. The results of the test
determines what other calculations will be done.

1 . , i S—
Who earns 15% commission ) :
. ! 1 3 3 45 6 7 8 9 01 12713 W 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Has 17657778 punched - }
in SALSNO field 33 34 35 36 37 38 39 40 4) 42 43 44 45 46 47 49 49 30 51 52 53 54 53 56 57 58 59 60 61 61‘63“
CS‘C‘7“G!107I711!747!7‘717.7’”.‘l!ulll!“.Yl.._”OM.2’3!495“ - ‘
. ‘Bv‘nnmmmmmmmmmmmmmnammmn}mmuomnzlz:mmmmvzl8
A ' A
8 [ 8
4 eeceecse 4
2 e® oe0 2
1 @0 (AN N ) 1
B 1 2 345356768 ’” M 1213 14 15 6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 32 B
A C A
8 8
4 4
2 2
>;33””3‘!7“!"0‘!11111115“41“55051!2!3545555575.5?‘0!!‘2')“15
A A
8 8
4 4
2 2
1C!“.7“l’7l77l7l7!74151'7?7.7’”Ilul!““'ln”“'@"'2”94'5”1
L 18M 3700 : /
Figure 5-19. Punching a Code '
o ‘ RPG CALCULATION SPECIFICATIONS o oad i USA.
IBM naionn Business Machine Corporstion . : . . : 75 76 77 78 79 80
. 2 .
Program Punching Graphic i . Card Electro Number . D] . Program -
N . age of :
Programmer . | Date Instruction | Punch - . ; - ]
; -
C o Indicators Result Field ::;‘:::::?s -
; P I | 2 Arithmetic
g z .
9 And  And Factor 1 Operation Factor 2 § z P‘”‘é::‘::rl!z"" : . Comments
une |8 53 Name | Length H % 1>21<21=2
£ g‘q - 5 N 3= Lookup{Factor 2)is|
2|8 5 § z 3|2 High | Low | Equal|
3 4 5 617 8 11112 [13]14]15]|16{17]t8 19 20 21 223&&&?_‘]#293031 3&3‘353373839‘0&‘1&3“45“4748(9505' 525354555657582&&62 63 64 65 68 67 68 69 70 71 72 73 74
of1f |c n T L 1 leiL 5, EO £ -7
of2{ [c 7| !l H & USIE .
ofa] [c N SIAILIEIS Tl . -l sl .
- - i [ LI ) | 1

Figure 5-20. Testing a Field to Determine a Code
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CONTROLLING OPERATIONS ON THE BASIS OF THE
NEXT RECORD IN A FILE

Sometimes, calculations to be performed may depend upon
information in the next record or on the type of the next
record to be processed. For example, in a certain kind of
program, you might want to bypass calculations for the cur-
rent record if you know the next record in the file is identical.

The RPG Il language has a special feature called /ook ahead,
which extends the basic RPG Il logic. It will allow the com-
puter to look at information in the next record to be
processed while it is processing the current record. This
means that information in record B can be used while record
A is being processed. By using this feature, you can

write a program that uses information from the next record
available for processing.

Look ahead can be used with card, tape, or disk input files.
This section discusses look ahead with card {(MFCU) and
disk files. For MFCM, tape, and other files, the concept

is similar. o

Stackers

Processing Card or Disk Files

MFCU Files: (Refer to the representation of the MFCU i
card path in Figure 5-21 during‘this discussion.) As Cai’d '

A is read, data recorded on it is transferred to the input

area. The card then moves on to the wait station, Accord-
ing to the RPG Il program cycle, information is transferred
from the input area to the processing area right before de-
tail time, At detail time, then, calculations can. be done on
data from the card path which is in the wait station (Card A).

However, when look ahead is specified, another card (Card
B) is read before detail time operations are performed in
the current cycle. Card A is stacked and information from
Card A is moved to the processing area. Then information
on Card B just read is transferred to the input area and is
available for use while processing Card A, now in the
stacker. ‘ S

Print

/ Station

Punch
Station

Read
Station

Hopper

Figure 5-21. The Look Ahead Function with a Card File

Primary

Card A is stacked and data from card A

~UV

Secondary . .
Hopper Primary is moved to the processing area.
Wait Station
Secondary
Wait Station

™~ Before card A is processed, data from
card B is read into the input area,
where it is available while processing
card A. '
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Disk Files: Figure 5-22 shows processing of three of the Record Processed Records Available
records from two disk input files, one primary and one . ’
secondary. The records available for look ahead during the P1 P2 and S1
processing of these records are: ’

P2 ' P3 and S1
- S1 P3 and S2
PRIMARY FILE SECONDARY FILE @ l

Read first record
from primary ﬁg(Pﬂ
r

Area into which records
are read (read area).

! ~——— Match Field —
(P1) Value (S1)

Area into which records
are selected for
processing {(process area).

@ ol val

Read second w3l w4l s (s2)] (s3) (s4) (s5)
record from
primary file.

———-—
| E

Process Area

from primary file
for processing.

Figure 5-22 (Part 1 of 2). Records Available for Look Ahead: Two Input Files
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In general, when the record being processed is from an in-
put file, the next record in the input file is available as are
) the records which were read but not processed from the

other files.
X </ X J @
@ o 2 3 1 2 2 3

Read third :

record from (s3)] (s4) (S5)
primary file.

2
Read Area
(P3)

Process Area

from primary file for
processing.

Processed Records

(s3)| (s4)| (85)

@Read second record
from secondary file.

Read Area

Process Area

S

@SEIect first record from

secondary file for processing.

Processed Records

N

Figure 5-22 (Part 2 of 2). Records Available for Look Ahead: Two Input Files
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'Checkmg for Duphcates

Duplicate records or records with duplicate fields are some-
times:considered erroneous. Only one of the dupllcates
should be: used for the ]Db : ‘

Consider, for examp|e, the case of a company which has a
large turnover in inventory items. Quite frequently new
items are added and others deleted from the inventory. A
number for a deleted part is to be assigned to a new part.
Some mistakes have occurred, however, and one part num-
ber has been assigned to two different items, As a result of
this error, inventory balances for these items have not been
updated correctly, and errors have been made on customer
invoices. If this situation is possible, a regular check should
be made for duplicate part numbers.

Each month, a report is created showing the complete in-
ventory. All part numbers are listed on the report. You
could look through the report to check for dupllcate part
‘numbers, but it would be easier and more accurate if you
could add a few specifications that would check for dup-
licates and indicate on the report which item numbers are
duplicate.

By using the look ahead feature you have access to informa-
tion that is coming up.” You can then use this information
to determine what operations to do. If you are processing
a record with part number 64322, and you know that'the ©
next record also has part number 64322, you can’ print: a‘"i'
message indicating dupllcate part numbers, then halt.’ But
if you are processing the record with part number 64322
and you do not know that the next record also has part
number 64322, you can do nothing special because you are
not aware that you are processing a record which contains
a duplicate entry.

Writing Specifications for Look Ahead

Any field which you want to look at in the next record to
be processed must be defined as.a look ahead field. If that
field is also used in normal processing (other than as a look
ahead field), it must be defined in the normal way also.
Thus, most look ahead fields will be specified twice.

Figure 5-23, lines 01-05, shows specifications needed to
describe the input file used in preparing an inventory listing.
When checking for duplicates, PARTNO is the field you
want to use when looking ahead‘at the next record; there-
“fore, PARTNO must be defined as a look ahead field. The
specifications in Figure 5-23, lines 06-07, do this.

Figure 5-23. Look Ahead Specifications

" 5.20
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All look ahead fields must be defined as being in a record
type different from the others defined. This is done by
using a unique alphabetic sequence entry in columns 15-16.
No record identifying indicator (01-99) can be used. A
double asterisk (**) is placed in columns 19-20 to specify
that the fields described in the following lines are look
ahead fields. Field location is also specified for look ahead
fields.

Computer

Every look ahead field must be named, but the name given
must be different than when it was described as a normal
input field. The same field is given two names so that you
can distinguish between the field on the record being
processed and that same field (the look ahead field) on the
record that is to be processed next (Figure 5-24).

12644

{NEXTNO)

NEXTNO refers to
positions 1-5 in the
record to be processed next.

INPUT AREA

| 12643 I

(PARTNO)

PARTNO refers to positons.
1-5 in the record currently
processed.

PROCESSING AREA

Figure 5-24. Look Ahead Field: A Field with Two Names .
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Using Look Ahead Information

Now that you have specified the Iook}a"head field, you can
use it as you would any other field. The only exceptions
are that you cannot use it as a result field in calculatlons
nor can it be blanked after for output

In the listing program, you have to make a comparison
between part numbers from two records. If PARTNO on
the record being processing is the same as NEXTNO on the
next record to be processed, you wish to print a message
indicating duplicate entries. If the PARTNO and NEXTNO
fields do not match, there are no duplicates for that part
number, and the item is merely listed.

Figure 5-25 shows specifications for the program. The opera-- -

tion in line 01 of the Calculation sheet compares the part
number on the record being processed (PARTNO) to the
part number on the record coming next (NEXTNO). If

they are equal, indicator 07 is turned on. Notice on the
Output-Format sheet that when 07 is on, the word dup-
licate is pnnted

The SETON and SETOF operatlons in lines 02-04 of the
Calculation sheet are used so that the computer will in- '
dicate a duplicate when the second record having the dup-
licate part number is processed. ‘ 4

Consider, for example, records A1, A2, and B. The first
two records are duplicates; the third is not. When A1 is
processed, the program looks ahead to A2 and, by com-
paring, knows that A2 is the same as A1. When A2 s
processed, the program looks ahead to B. The compare will

" say that A2 is not a duplicate since it does not match B1.
But A2 really is a duplicate because it is the same as A1.
Thus, when processing A1, you have to set an indicator
which will be on when A2 is processed and which will in-
dicate that A2 is a duplicate since it matches the previous
record.

RPG -CALCULATION SPECIFICATIONS Form GX21:9093
in US.A.
IBM International Business Machine Corporation '
12 75 76 77 78 79 80
Program Punching Graphic Card Electro Number Program
Programmer J Date Instruction |- p —
. . Resulting
Indicato
C e dicators Result Field Indicators
S Arithmetic
=¥ ' i gl- -
3S And  And Factor 1 - Operation Factor 2 % z P"‘—’gm‘"“‘“"" Comments
AR 813 ompare
Line |23 & Name Length | -3(% 1>2[1<2[1=2
E .2 ol - . g « [Lookup{Factor 2)is| . "
o «]e o o K
12)8 5= z E . . . A | £ [ High.[ Low [Equal
3 4 516 |7 8)9[10]|11]12(13[14]15]16[17}18 19 20 21 22 23 24 25 26 27|28 29 30 3t 32|33 34 35 36 37 38 39 40 41 42|43 44 45 46 47 48149 50 51 52!53]545555575859 61 62 63 _6__6.__%21259 70 71 72 73 74
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c RITIND oMe] MEXTT 7] [
2
°j2| |e %7 ETI0 5
of3| [c h
1010 SIEIT 27,
((A)le | ] s TO 5
PN |
, .
G 9090 M 050°
RPG OuUTPUT SPECIFICATIONS S
IBM International Business Machine Corporation . .
12 75 76 77 78 79 80
Program Punching Graphic Card Electro Number Program
Programmer . l Date Instruction Punch . .
O = I%szce Skip Outpunndlcatorsv : Commas Zer:;lza[l;‘t:ces NoSin | cR | - [X = Pmmm,e
wis . us Sign
E H Field Name Yes " Yes I ‘A |4 |Y = Date
) HEAR B Sves | No 2 B | K Field Edit
Line Filename HENE ) End” " No Yes 3 c | z= zeo
HEEE And  And | Positon No No 4 D (M Suppress
H =& e, £l2] in « -
= Alpjo] 21 £ [ 5 5 SfS{ Output |3 Constant or Edit Word
5 olR R 2 z *AUTO 22| Recors |3
w w | & o
A[nfo
345678910“|2|3|l|5|5l7|8|9202|Zj2314252627282930313?3334353&3738EIOC14143“45‘6474849505l5253545556575859606'626364556657686970"71737‘
of1{ (O ]R N|
ol2| Jo P O
ols] o EIS
o o 7
o 2Al |
(B B ! 7 Q L E
- | - [ |

Figure 5-25. Using Information from the LLook Ahead Field to Check for Duplicates
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When PARTNO equals NEXTNO, 07 turns on. This, in
turn, causes indicator 51, which is used to indicate that a
duplicate record is processed, to turn on. During the next
program cycle, the compare does not indicate duplicates;
therefore 07 is not on. But 51 /s on, meaning that the rec-
ord‘being brocessed is a duplicate since the part number on

it matched the part number on the previous record. There- -

fore, 07 is set on. Remember 07 conditions those output
operations which are to be done for duplicates.

12455 DOOR KNOB 48 DUPLICATE

Turn off
record identifying
indicator 01

Perform detail
output

Perform detail calculations:
Compare PARTNO fields:
12455 to 12455
They are equal so turn 07 on.
° 07 is on so SETON 51.

Move data from record
selected into processing
area. |f Look Ahead is
.used, read another record.
If cards, the first is stacked.

Indicator 52 is set on in line 03 to indicate that the last
duplicate record is being processed. Indicator 52 then con-
ditions line 04 so that indicator 51 will be set off and not
indicate 'duplicates in the following cycle. Figure 5-26
shows the program logic for this job.

Read a _7#" Note: This record is read only if
Record /’. the Look Ahead feature is used.
It is read after data from the
first record is moved into
the processing area.

Turn on ®
record identifying
indicator 01

~ S ‘ e
_) Figure 5-26 (Part 1 of 3). Logic for Look Ahead
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12455 DOOR KNOB 48 DUPLICATE

12455 HINGE, 6" y 90 DUPLICATE

Turn off
record identifying
_indicator 01

Perform detail
- output

Perform detail calculations:

Compare PARTNO fields:

12455 to 12456

Not equal so turn 07 off
SETON 07 and 52 using 51 from
previous cycle. SETOF 51 and 52

Move data from record selected
° into processing area. If Look
Ahead is used, read another
record. |f cards, the first card
- is stacked,

Figure 5-26 (Part 2 of 3). Logic for Look Ahead

Turn on
record identifying L
indicator 01




~ 12455 DOOR KNOB 48 DUPLICATE

) 12455 HINGE, 6" 90 DUPLICATE .
12456 HINGE, 8"’ 75 ° .
[
[ < ‘
Turn off : ) o
record identifying /T2457. !
indicator 01
. . L. Turn on' i ©
Perform detail ‘ ‘ record'identifying
output operations : indicator 01
®
®

Perform detail calculations:
Compare PARTNO fields: _ ) R
12456 to 12457 : * S e
®  Unequal so turn 07 off. ‘ R

® Move data from record selected
into processing area. |f Look
Ahead is specified, read another
® record. If cards, the first card
is stacked.

Figure 5-26 (Part 3 of 3). Logic for Look Ahead

\_/
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Doing Special Operations When There is Only One Record
in a Group

It is often important to know if and when you are process-
ing the only record in a group. The program described in the
following paragraphs is such a case.

A report is prepared showing charges made by customers
during the month (Figure 5-27). The input file is organ-
ized in ascending order by customer number. During the
month some customers will have made one charge; others
several,

When only one charge is made per customer, the total line
is nearly a duplicate of the only detail line. In this case,
you do not need to print both the detail and total line be-
cause the total line will do.

But how will you know during any one program cycle
whether the current record is the only one in a group?

You can find out by looking at information on the next
record. Remember, any time information from the next
record is necessary to determine how to process the cur-
rent record, you must use the look ahead feature. Account
number is established as a look ahead field in this program.

Any look ahead field specified applies to all record types. Thus

each record read contains information that will be looked at
before the record itself is processed. By looking ahead into
this field you will know whether or not the next record

to be processed is part of a new group.

MONTHLY CHARGES
ACCTNO NAME CHARGE
47653 JILL ARNDT : 4.97
5.99 }Dmll lines
23.87
47653 JILL ARNDT 34.83 * Total
49832 NANCY BENNET 87.93 * Total
59821 JOAN BOND 7.42 Detall

Figure 5-27. Format of Monthly Charges Report

Whenever a r;scord is read, the current ACCTNO field is
compared to the one coming up. If the fields are equal, you
know you are processing a record that is not the only one
in a group. Therefore, a detail line should be printed. If
the ACCTNO fields are not equal and this is the first time
the present account number has been encountered, the cur-
rent record is the only one in the group, and the detail line
should not print. Figure 5-28 shows the specifications for
the program,
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Figure 5-28 (Part 1 of 2). Using Look Ahead to Determine When There is Only One Record in a Group
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Doing‘Special Oberations for the Last Record in a Gronp

In some programs, it may be necessary to do special opera-
tlons on the last record of a control group. This is because,
unless the last record in the control group is of a different:
type (have different record identification), it is impossible
, to know when you are processing the last record in the
“ group. When all records are of the same type, you have to
: know what is on the next record before you know whether
or not you are processing the last record in the group. To -
" look at information in the next record you must use the
" look ahead feature ‘ ‘

Figure 5-29 shows four records which are to be processed.
The first three belong to one control group; the fourth is
the beginning of the next group. The last record of the
group (the third record in this case) requires special
processlng In order to know when the last record in the
groupiis to be processed you must look at the account
‘number in.the next record. When it is different, you know
that the last record in'the group is being processed.

|
; Additidnal'Poinfs to Consider About Look Ahead

You must consider the following things when you are
plannmg to use Iook ahead:

® When look’ahéad is used with a combined or update
file, and that file is the only input file in the program,
the field looked at is not on the next record, but on
the record currently being processed. Therefore, there
is I|ttle use for look ahead with update or combined
files'in a single file program. In a program with multiple
input-type files, look ahead fields can be useful in update
and combined files. -For example, if two files with- look
‘ahead. f:elds are being processed — an input file and a
. . combined file (or update file) — look ahead fields in the
; :combined file are available as the input file is being
" "processed (see Figure 5-22).

© Look ahead is never used W|th chained, demand or out-
put files.

® Only one look ahead record type specification may be
used for a file. There may be several fields listed under
that one. record type specnflcatuon however, '

® Any look ahead,fields specified apply to all types of rec-

ords in the file. Therefore, all records read from the file
will be treated as if they have look ahead fields.

528

(7
(7
[ F

47654

{Account field
specified also’as : ) -
a look ahead field) :

In the processing of
this record, the Look
Ahead feature shows .
that the next account
number is different.
Therefore, this is the
"last record of a group
‘and as such requires
special operations.

Figure 5-29. .Using Look Ahead to Find Last Record in a Grodp

MOVING DATA

You can instruct the program to manipulate data in many

- different ways. You can cause data to be added, subtracted,

multiplied, compared, tested or divided. You can also cause
data to be moved, When data is moved, a copy of the data
in one field is transferred to another field. In the.process
of transfer, it may or may not be changed depending upon
your specifications. B

You may wish to move data for many reasons, including:
1. To save information from a field.

2. - To separate one field into 2 or more parts.

. 3. To change a numeric field into an alphameric field or

vice versa.

The preceding topics will be discussed later in this section.
First, however, you must learn how to use the move opera-
tion codes.



>

Specifications for Moving Data

Two operation codes can be used to move data: MOVE or.
MOVEL. For both operations Factor 2 and the Result
Field are always used. Factor 2 may be either a field or
constant. Any conditioning indicators may be used. How-

ever, Factor 1 and resulting indicators may not be specified.

The MOVE operation code moves'a copy of characters
starting from the rightmost position of Factor 2 into the
rightmost positions of the Result Field. As a result of the
move, the contents of the Result Field are changed, but the
contents of Factor 2 remain the same. Figure 5-30 illus-
trates the MOVE operation.

The MOVE operation code
moves a copy of characters
starting with the rightmost

position of Factor 2 into the
rightmost positions of the
Result Field.

Factor 2 When Factor 2 and the
T Result Field are the same length
12 3]4i5|6 7 all characters in Factor:2
! LJ can be moved. Movement starts
CTTTTR] with rightmost character of
1234567 Factor 2
pit g
Result Field
Factor 2 When Factor 2 is longer than the
17 Result Field, only the exact num-
1234567 ber of characters needed to fill
N the Result Field are moved from
— - e
™ the rightmost positions of Factor 2
4L5161 into the Result Field
Result Field
Factor 2 When Factor 2 is shorter than
T T T the Result Field, all characters in
1234 516 7 Factor 2 are moved into the
P — rightmost positions of the
NTTTTTR Result Field. All characters in the
91234567 .Result Field to the left of those
f I T O It - e .
moved in from Factor 2 remain
Result Field . - . the same as they were

before the move.

If the Result Field is the same length as Factor 2,.all char-
acters in Factor 2 are transferred. However, if the Result
Field is shorter than Factor 2, only the number of charac-
ters needed to fill the Result Field are transferred. On the
other hand, if the Result Field is longer than Factor 2, all
characters in Factor 2 are moved to the rightmost positions
of the Result Field. The excess leftmost characters of the
Result Field remain unchanged.

The MOVEL operation is just the reverse of the MOVE
operation; it moves a copy of the characters starting from
the /eftmost position of Factor 2 into the leftmost posi-
tions of the Result Field. Figure 5-31 illustrates the MOVEL
operation.

The MOVEL operation code
moves a copy of characters starting
with the leftmost position of

Factor 2 into the leftmost
positions of the Result Field.

Factor 2 When Factor 2 and the
— T Result Field are the same length
ABCDE all characters in Factor 2
Lt can be moved. Movement starts
fl T with the rightmost character of
ABCDE Factor 2.
[
Result Field
Factor 2 When Factor 2 is longer than the
T Result Field, only the exact num-
ABCDE]| . ber of characters needed to fill
1 L1l : the Result Field are moved from
nll—;/ the leftmost positions of Factor 2
ABC into the Result Field.
L
Result Field
Factor 2 When Factor 2 is shorter thgn
T the Result Field, all characters in
ABCDE Factor 2 are moved into the
A1 leftmost positions of the
— Result Field. ‘All characters in the
ABCDEP Result Field to the right of those
moved in from Factor 2 remain

Result Field . the same as they were before
Co the move,

Figure 5-30. MOVE Operation Code

Figure 5-31. MOVEL Operation Code
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Figure 5-32. Data in Storage
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Saving Information From a Field by Move Operations

Any information in fields specified as input fields is nor-
mally only available for one program cycle. Each time a
record is read, information from the fields on the new rec-

ord replaces that which was there from the previous record -

(see Figure 5-32).

There are times, however, when you wish to save informa-
tion from a record so that you can have it available in the
next program cycle. For instance, you' may want to check
the contents of a field in order to determine if a file is in
proper sequence or if it has duplicate entries. In order to
do this, you must have the data from two fields, the field
from the record just read and the field from the record
read in the previous cycle.

Consider the problem of checking the sequence of, and
finding duplicate entries for, the file shown in Figure 5-33,
Sequence is to be based on ACCT (account number) and
must be ascending. Any duplicate or out-of-sequence rec-
ords are to be flagged.

The program must compare the ACCT fields from two
records: the record currently being processed and the pre-
vious record. The current account field should always be
higher than the previous account field. Would the specifi-
cations in-Figure 5-34 do the job? They would not, be-
cause in one program cycle the field named ACCT always
has the same information in it. This information is taken
from the record just read. Just because you use the name
twice, you won't get two different ACCT fields.

Record out of seque

nce

—

Duplicate

Records

/16239 l
|

16234

/16238

I/ 16232

// 16232

(16231

Account Field

Figure 5-33. Input

Field Sequence
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Therefore, each time a record is read, you must save the in-
formation from the ACCT field so that it is not destroyed
when another record is read. This you can do by moving
ACCT into another field. (Figure 5-35 illustrates this con--
cept.) :

Figure 5-36 shows the specifications needed to do the job.
Assume that you move ACCT into a field called SAVE.
The first step is to compare ACCT with SAVE (which con-
tains the previous ACCT data). The second step is to move
ACCT into SAVE. In the first program cycle, SAVE will

-contain all zeros since all numeric fields are set up with

zeros before the first record is read. In the next cycle,
and all cycles thereafter, SAVE will contain the ACCT field”
from the previous record.

Maybe you are wondering why you would ever want to se-
quence check by calculations instead of using the RPG |1
automatic sequence checking function which is done merely
by specifying a match field. The answer is that, with RPG

|1 automatic sequence checking, any out-of-sequence card
will cause a halt. If you do not wish to halt, but merely
wish to indicate out-of-sequence or duplicate cards, then
you must do your own sequence checking. You could also
use the look ahead feature, since both look ahead and the
use of moves in calculations give essentially the same results,

Separating One Field Into Two Parts

A company has designed its part numbers to contain two
different kinds of information. The basic part number is
contained in the first three characters. The remaining five
characters contain the price. For example, in the part num-
ber 65J00498, the basic part number is 65J and the price is
$4.98. When preparing invoices, it is necessary to multiply
unit price times quantity to find the total price. You don‘t

want to multiply the whole part number field times quan-
tity just because the part of the field contains unit price.
Somehow, you must separate price from the rest of the
field. ‘ -

To do this you again use a move operation. You cannot
move the whole field into another field as was done in the
previous example. This merely creates a second field iden-
tical to the first. You want only the last five characters.
Therefore, you must move the field into a 5-position field.

- This will limit the move to five characters (see Figure 5-37).

RPG CALCULATION SPECIFICATIONS

Aching Graphic Card Electro Number

truction | p oo

Result Field

Operation Factor 2
Name Length

7)28 29 30 31 3233343536373339‘0‘!41143444546474849

VI PARTNF) PRIlclE

PART NO

6,5,J,0049.8

0,049.8

Figure 5-37. Separating the Price from the Part Number

{Using MOVE)

Figure 5-36. Sequence Cliccking (Correct Specifications)

: Form GX21-9093
RPG CALCULATION SPECIFICATIONS Form 71505
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Program Punching Grephic Card Electro Number Program
Programmer _[Daxe Instruction | pynen . Mdentification
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39 And . And Factor 1 Operation Factor 2 =(Z s 2er0 Comments
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In this case, the MOVE‘operation was used. Why wouldn’t
the MOVEL operation work as well? Couldn’t you move
left into a 3-character field to separate the price from the ‘
rest of the part number? Remember that a move leaves the
original field as it was before the move. MOVEL does not
remove the first three characters from the original PARTNO
field. It merely copies them. You still would not have the
unit cost by itself. But you would have the part number by
itself (see Figure 5-38).

RPG CALCULATION SPECIFICATIONS

unching Graphic Card Electro Number

wstruction

| Punch

Result Field

Operation Factor 2

Halt Adjust (H)
E=lE=T T=T' 1T

o

27128 29 30 31 32|33 34 35 36 37 38 39 40 41 42|43 44
i

B ARTAR T

]
T

l

. [650004
<=
6,5, J

PART

A ]

Figure 5-38. Separating the Part from the Part Number (Using MOVEL)
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Changing Field Type (Alphameric or Numeric)

The part number field contains both numeric and alpha-
betic characters (see Figure 5-38). If you want the pro-
gram to work with the zone portion of a character {as it
must to get the letter J), you have to define the field as
alphameric (blank in column 52 of the input sheet). How-
ever, you cannot use an alphameric field in arithmetic cal-
culations. To find total cost, you must multiply unit price
by quantity. This isan a‘rithmetic operation; thus the field
must be numeric.

What do you do if you need one field to be defined as both
alphameric and numeric? You could define the field twice —
once as numeric and once as alphameric. Of course, you
would have to use two names for the same field since every
field defined for one type of record must have a unique
name.

You may also use a move operation to change a numeric
field into an alphameric field or vice versa. You can change
fields by:

1. Moving an alphameric field named in Factor 2 into a
numeric Result Field.

2. Moving a nufneric field named in Factor 2 into an
alphameric Result Field.

Figures 5-39 and 5-40 give the rules for and examples of
the various types of moves you can make to change a field
type. Figure 5-39 illustrates the MOVE operation and Fig-
ure 5-40 the MOVEL operation. If you do not understand
results obtained in the low order positions, see the chapter
entitled Working With Data Structures.
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Result Field

Factor 2
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921673
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STTT13
92167 3

L4

Factor 2 longer than Result Field __]‘

Result Field

l Factor 2 same length as Result Field
bt ————————————————————

When moving an alphameric
field into a numeric field,

the digit portion of all characters
is moved. The zone portion of
the rightmost character is also
moved and used as the sign.

When moving a numeric field
into an alphameric field, all
digits are transferred. The sign
(zone portion) of the rightmost
character is also moved.

Factor 2

FTTT
ABCDEF
(111l

Result Field

Factor 2

URBRAE
921I6I73
|

Result Field

When moving an alphameric

field into a numeric field, the
digit portions of only the number
of characters needed to fill the
Result Field are moved. The zone
portion of the rightmost character
is also moved and used as the sign.

When moving a numeric field
into an alphameric field, only the
number of digits needed to fill
the Result Field is moved. The
sign of the rightmost character

is also moved.

e e e m—— — — —— — —— —— a—

Factor 2 shorter than Result Field

—_———_

Factor 2
TTTT1
ABCDEF
L1l
TTT I
312345‘6
RN
Result Field
Factor 2
FTTT I+
98921673

N\

{

N
A

LA
92167 3
titil

Result Field

When moving an alphameric
field into a numeric field, the
digit portion of all characters

is moved. The zone portion of
the rightmost character is also
moved and used as the sign.

All characters in the Result Field
to the left of those just moved

in remain the same as they were
before the move.

When moving a numeric field into
an alphameric field, all digits are
moved. The sign (zone) of the
rightmost character is also moved.
All characters in the Result Field

to the left of those moved in

remain the same as before the move.

- S ———
Factor 2 same length as Result Field |

Factor 2
TTT T 71 When moving an alphameric
ABCMNO field into a numeric field, the
I digit portion of all characters is
i moved. The zone portion of the
ATTT rightmost character is also moved
123456 and used as the sign.
NN
Result Field
Factor 2
TTT 11+ When moving a numeric field into
873214 an alphameric field, all digits are
1ilil moved. The zone portion of the
rightmost character is also moved.
17T 1T 11 :
87321 4
L1y
Result Field
Factor 2 longer than Result Field
Factor 2
TTT T 1 When moving an alphameric field
ABCMNO into a numeric field, the digit
L)1 portions of only the number of
A characters needed to fill the Result
T T 42 (zone of O Field are moved. The zone portion|
123 4| becomessign of the rightmost character is also
A1 of Result Field) moved and used as the sign.
Result Field
actor 2
TTT 117 When moving a numeric field
873216 into an alphameric field, only the
L1y 1) number of digits needed to fill
e the Result Field is moved. The
UL {zone of 0. sign of the rightmost character
873 2| becomessign is also moved.
114 of Result Field)
Result Field

———m—— e e e e e e e o — - —— — — —

" Factor 2 shorter than Result Field

Factor 2

LI L
ABCMNO

1]

T T T T4+
1234567
I |

Result Field

Factor 2

LI

1111

‘ 8732140

+
8732197

Result Field

When moving an alphameric
field into a numeric field, the
digit portion of all characters
is moved. All characters in
the Result Field to the right
of those just moved in remain
the same as they were before
the move. Thus the sign of
field does not change.

When moving a numeric field

into an alphameric field, all digits
are moved. All characters in )
the Result Field to the right of
those just moved in remain as they
were before the move.

Figure 5.39. MOVE Operations Involving Fields of Various

Lengths and Types

Figure 5-40. MOVEL Operations Involving Fields of Various

Lengths and Types
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In order for the letter in the part number ever to be read,
compared, or printed, the field ..1ust be defined as alpha-
meric. When it is time to multiply price times quantity, the
price portion of the field must be numeric. Therefore, when
using the MOVE operation to separate the unit cost from
the rest of the part number, you should, at the same time,
change the alphameric unit price into a numeric unit price
by moving it into a numeric field. To define a numeric
field, you must specify decimal position along with field
length (see Figure 5-41).

If the 5-character unit cost had preceded the part number
(for example, 0049865J), you would then use the MOVEL
operation to get the unit cost alone. Remember, however,
that the zone of the rightmost character is used for the sign
of the field (see Figure 5-40). The zone of the character J
is a minus sign. The price will appear as negative. This you
would not want.

TIONS

~

Card Electro Number

|
H

The part number field

is defined as alphameric Field Location
since no entry has been’ 5
made in column 52. . ]
~§ Field Name E.
From To |3 -
£ g
& 3
44 45 46 47[48 49 50 51|52|53 54 55 56 57 58{59 60
R [PARTIN

The price section
of the part number
Card Elecro numpe. Tield is changed to
a numeric field by
moving it into a
numeric field. Two

PG CALCULATION SPECIFICATIONS

shing Graphic
~uction | Punch

of the field.

Result Field
<] decimal places were
Operation Factor 2 2| specified to show
Name Length|<| the cents portion
Q

28 29 30 31 32333435333738:&‘0"41'43444546474849505152

PRIICE!
T

Elgafiﬁp')l |1
(AR

Figure 5-41. Changing a Field by the MOVE Operation
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When using move operations to change an alphameric to a
numeric field, keep in mind the kind of sign (plus or minus)
each character will give you: a - (minus sign), or J through

R gives a minus sign; the rest give a positive sign. If you are .

aware of this, you will not get unexpected results. Since no
sign is invoived in an alphameric field, you don’t need to
worry about the sign when changing a numeric to an alpha-
meric field.

BRANCHING IN CALCULATIONS

The detail and total operations written on the Calculation
sheet are normally executed in the same order as they are
written. For each record selected for processing, the detail
operations are performed sequentially from beginning to
end. If the record selected for processing causes a control
break, the total operations are performed, in the order
specified, before detail operations.

There are many times, however, when it is necessary that
operations not be performed sequentially. For example, in
one cycle you may wish to skip some calculations or to do
others several times. In this section you will learn to alter
the sequential processing of calculations using the most
efficient coding.

Bypassing Calculations

So far you have been bypassing operations by the use of
indicators. For each calculation conditioned by indicators,
a check is made to see if the condition set by the indicators
is satisifed. (When several sequential operations are condi-
tioned by the same indicator(s}, the test is only made on the
first operation.) If the condition is satisfied, the operation
is performed. Calculations are bypassed or omitted when
conditions are not satisfied. When bypassing calculations
in this way, the program has to check the conditions set for
the operations to determine whether or not to do them.
This requires time and storage space inside the computer.

Another way to bypass calculations is to branch around
them. With the latter method, the indicator setting for
each operation is not checked. When the branch is taken
around operations, the operations are just skipped (see
Figure 5-42, insert A). '

Two operation codes are used for branching: GOTO and
TAG. GOTO is the code which causes a branch to another
spot in the calculations. The TAG operation gives the name
and location of the spot to which the GOTO operation
branches. GOTO causes a branch; the TAG code does
nothing but act as a nametag.
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Figure 5-42, insert B, shows how GOTO and TAG are speci-
fied. GOTO signals a branch to the spot named in Factor 2.
This name must also appear in the TAG statement, where

it is entered in Factor 1. The rules for forming a name for
GOTO and TAG are the same as those for forming any field
name,

A GOTO statement can be conditioned by an indicator, but
a TAG cannot. When a GOTO is not conditioned, a branch
occurs in every program cycle. ‘

In the example shown in Figure 5-42, the GOTO operation
is done only when 01 is on. If the condition is satisfied, a
branch is taken to that point in the program where the same

NEXT is found. NEXT is the name of the TAG statement.
Any operations between the GOTO statement and the TAG
statement (those specified in lines 03-05) are skipped. TAG
does nothing, so the next operation performed is the SUB
instruction in'line 07.

If branching were not done, the three operations skipped
by the branch would have to be conditioned by NO1 so
that they would not be done when 01 turned on. And, of
course, a check would have to be made in each program
cycle to determine if the operations should be done or not.

There are many situations in which branching will help you
write more efficient and effective programs. The following
sections will explain more fully the use of GOTO and TAG.

01

Skip these

operations if
01 ison.

Figure 5-42. Bypassing Calculations by Branching Around Thgm
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Branching When Different Record Types Require Different
Operations

When doing different operations for different record types,
you use the record identifying indicators to show what opera-
tions should be done for each record type read (see Figure
5-43). When you have several record types and each type
requires several operations, you can see that many condition-
ing indicators are necessary,

For situations like this, you can branch directly to the set

of calculations which should be done for the record type
just read. When those calculations are done, you can then
branch to the end of all calculations. This eliminates check-
ing operations to see if a set of calculations should be done
for the record type being processed. In fact, record identify-
ing indicators do not need to be specified for the individual
operations. Figure 5-44 shows the recommended branching
structure used for different record types which require dif-
ferent operations. Using this structure not only makes your
programs more efficient but also makes them easier to under-
stand and document.

Consider the use of such a branching structure in a sales
analysis program. Each day the manager of a retail store
wishes to know total cash sales, total charge sales, and total
refunds. The input file, arranged in ascending order by ac-
count number, contains four different record types:

1. Charge records record total charges and refunds (if
any) for a particular account.

2. Payment records record any payments received, They
are included in the file, but are not needed in this job.

3. Réfdnd records record any refunds made for an ac-
count. No cash and charge sales were made by this
customer,

4, Cash sales records record total cash sales and cash re-
funds (if any) for a particular account.
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Figure 5-45, insert A, shows the input specifications for all
record types. Notice the record identifying indicators as-
signed to each record type. '

In the calculations, all charges, cash sales, and refunds are
totaled. If a refund is given along with the cash or charge
sales for an account, the amount of the refund is subtracted
from the amount of the cash or charge before the cash or
charge is added to the total. Figure 5-45, insert B, shows
the calculation specifications for the job. As you see, the
recommended branching structure was used. If a charge
record (type O1) is read, a branch is taken to ROUTO01. Cal-
culations specified in lines 06-08 are performed. Thena
branch is taken to END, for there are no more operations to
do for that record. Branching for record types 03 and 04 is
handled in the same way as for record 01. However, when a
payment record is read (02 turns on) no calculations are per-
formed because this job is not concerned with payments.
Therefore, a branch is taken to END. In this way all calcula-
tions are bypassed. They are not even checked to see if con-
ditions established by indicators are satisfied.

Branching in a Matching Records Job

Suppose that you are doing a matching record job which re-
quires that all calculations be done when records match,

All specifications can be conditioned by MR (see Figure
5-46), or GOTO and TAG can be used to branch around all
calculations when records do not match (see FFigure 5-47).
In this example, GOTO is conditioned by NMR. When rec-
ords do not match, all calculations are skipped and a branch
to END occurs.
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Figure 5-47. Branching in a Matching Records Job

Branching When An Error Condition Occurs

Branching is an easy way to bypass all calculations which
should not be performed when an error occurs. Figure 5-48
shows an example of this,
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Figure 5-46, Conditioning all Specifications by MR

Figura 5-48. Branching When an Error Occurs
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Branching at Different Points in the Program

Within one program you may use any number of GOTO

and TAG operation codes. One or more GOTO statements
may have the same name (Figure 5-45, insert B, lines 02, 09,
and 12). However, each TAG must have a different name.
If two TAGs had the same name, your program would not
know where to branch.

Branching at Detail and Total Time

You may branch from one detail calculation to another de-
tail calculation or from one total calculation to another
total calculation. However, you cannot branch from a de-
tail to a total calculation or vice versa.

Branching Backward

So far, you have learned only about branching forward in
order to skip statements that you do not wish to perform,
The GOTO statement can also branch backward. In this
way you can go back to statements that were already done
in order to do them again.

Doing the same statements over and over again in one pro-
gram cycle is called Jooping. The statements done several
times in one cycle, plus the branching statement, make up
the Joop. Figure 5-49 shows the basic structure of a loop.

When would you want to branch backward? Suppose you
want to print out several mailing labels for each customer
by using the EXCPT operation code (see Repetitive Output
(EXCPT Operation) in the chapter, Programmed Control of
Input and Output for an explanation of the EXCPT opera-
tion). EXCPT is used to write several output records in one
program cycle. |f you want to put out 25 mailing labels for
Joe Aaron, you would have to write the EXCPT operation
25 times — one time for each record. However,.instead of
writing EXCPT 25 times, you could use a loop. One EXCPT
code is specified. It is performed and then a backward
branch is taken so that EXCPT will be done again.

LOOP

- —

01

Figure 5-49. Structure of a Loop
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Look at Figure 5-50. The loop just described is coded here.
But look at what will happen: An EXCPT record will be
printed; a backward branch will cause the EXCPT to be done
again; then another branch, and another EXCPT. When
would execution of the statements in the loop end? As
coded here, execution of these statements would go on in-
definitely.

You want to stop printing m'ailing labels for Joe Aaron after
25 have been made. Therefore, you have to keep track of
the number printed. This is done through the use of a spe-
cial count field which is constantly updated to reflect the
number of times looping has occurred. Figure 5-51 %hows
the way this is done. At the beginning of each cycle,
COUNT, the field used to keep track of the number of rec-
ords printed, must be zero. Each time a record is put out,

1 is added to COUNT. COUNT is then compared to 25, the
number of mailing labels desired. When COUNT equals 25,
calculations will be complete for that program cycle, and
looping will stop. When COUNT is less than 25 (indicator
10 is on), a branch is taken back to the beginning of the cal-
culations so that they can be done again. ; )

In this example, 25 mailing labels are created each cycle (for
each record read). If a different number of records are re-

~quirec to be printed or punched for each cycle, you have to

compare the COUNT field to another fie/d which contains
the number of records to be put out in that cycle (see Figure
5-52).
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